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ɊȿɎȿɊȺɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɢ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ» ɫɨɞɟɪɠɢɬ  76 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ,  42 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɚ. 
ɌɊȺɇɋɉɈɊɌɇɕȿ ɋɊȿȾɋɌȼȺ, ɌɊȿȻɈȼȺɇɂə ȽɈɋɌ, 
ɅɂɌȿɊȺɌɍɊɇɈ-ɉȺɌȿɇɌɇɕɃ ɈȻɁɈɊ, ɉȺɊȺɆȿɌɊ ɋɌȺɌɂɑȿɋɄɈɃ 
ɉɈɉȿɊȿɑɇɈɃ ɍɋɌɈɃɑɂȼɈɋɌɂ, ɊȺɁɊȺȻɈɌɄȺ ɆȿɌɈȾȺ ɈɐȿɇɄɂ, 
ɌȿɏɇɈɅɈȽɂɑȿɋɄɈȿ ɈȻɈɊɍȾɈȼȺɇɂȿ, ɋɊȿȾɋɌȼȺ ɂɁɆȿɊȿɇɂə, 
ɊȺɁɊȺȻɈɌɄȺ ɋɉɈɋɈȻȺ ɂɋɉɕɌȺɇɂə ȺɌɋ ɇȺ ɋɌȺɌɂɑȿɋɄɍɘ 
ɉɈɉȿɊȿɑɇɍɘ ɍɋɌɈɃɑɂȼɈɋɌɖ. 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ȽɈɋɌɚɦɢ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧ  ɥɢɲɶ ɨɞɢɧ ɦɟɬɨɞ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɨɬɤɚ ɢ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɢɤ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ. 
ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɢɤɢ 
ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ. 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɪɟɲɟɧɵ ɡɚɞɚɱɢ: 
1) ɉɪɨɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ ɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɦɟɬɨɞɨɜ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɞɥɹ ɨɰɟɧɤɢ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ; 
2) Ɋɚɡɪɚɛɨɬɚɧ ɩɚɬɟɧɬɧɨ-ɱɢɫɬɵɣ ɫɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ 
ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɢɫɤɥɸɱɚɸɳɢɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ; 
3) Ɉɛɨɫɧɨɜɚɧɚ (ɞɨɤɚɡɚɧɚ) ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ 
ɦɟɬɨɞɭ ɩɨ ȽɈɋɌ 31507-2012; 
4) Ɉɛɨɫɧɨɜɚɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɣ ɨɫɧɚɫɬɤɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ; 
5) ɉɪɨɜɟɞɟɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ. 
Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ: ɪɚɫɫɦɨɬɪɟɧɵ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɢɤɢ 
ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, 
ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɨɫɨɛ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɪɚɫɫɱɢɬɚɧɵ ɧɚɝɪɭɡɤɢ, 
ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɟ, ɩɨɞɨɛɪɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɫɧɚɫɬɤɢ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɬɟɧɞɚ, ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɨ, ɤɚɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɩɪɢ ɚɩɪɨɛɚɰɢɢ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ, ɩɪɨɜɟɞɟɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɬɪɟɯ 
ɦɟɬɨɞɨɜ. 
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ȼȼȿȾȿɇɂȿ 
 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. ɉɨɞɜɢɠɧɨɣ ɫɨɫɬɚɜ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɚ ɬɚɤ ɠɟ ɥɢɱɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ ɡɚɱɚɫɬɭɸ 
ɩɪɟɬɟɪɩɟɜɚɟɬ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ. ȼɫɟ ɷɬɢ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɵ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɬɟɯ ɢɥɢ ɢɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ 
ɢɡɦɟɧɟɧɢɣ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɝɪɭɡɨɜɨɣ ɢ ɩɚɫɫɚɠɢɪɫɤɨɣ ɬɟɯɧɢɤɢ ɤɚɫɚɟɬɫɹ ɡɚɦɟɧɵ 
ɧɚɞɫɬɪɨɟɤ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɚɪɢɚɰɢɣ, ɤɚɤ ɩɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ 
ɧɚɡɧɚɱɟɧɢɸ, ɬɚɤ ɢ ɩɨ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɦ ɩɚɪɚɦɟɬɪɚɦ. Ɍɚɤɠɟ ɢɡɦɟɧɟɧɢɹɦ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɬɪɚɧɫɦɢɫɫɢɹ, ɩɨɞɜɟɫɤɚ, ɫɢɥɨɜɵɟ ɚɝɪɟɝɚɬɵ ɢ ɞɪɭɝɢɟ ɢɡɦɟɧɟɧɢɹ ɜ 
ɫɢɫɬɟɦɚɯ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ȼɫɟ ɷɬɢ ɪɚɛɨɬɵ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ 
ɩɪɨɜɨɞɹɬɫɹ ɜ ɪɟɝɢɨɧɚɥɶɧɵɯ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɫɬɚɧɰɢɹɯ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ, ɝɞɟ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɬɨɦɨɛɢɥɹ 
ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜɫɟ ɨɫɧɨɜɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ  ɨɩɟɪɚɰɢɢ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɰɟɥɶɸ ɢɡɦɟɧɟɧɢɣ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ, 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɞɪɭɝɢɯ ɩɨɤɚɡɚɬɟɥɟɣ  ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɩɪɨɰɟɫɫ 
ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɱɚɫɬɭɸ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɩɚɪɚɦɟɬɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. Ɇɨɠɧɨ  ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɨɝɪɨɦɧɚɹ ɱɚɫɬɶ 
ɢɡɦɟɧɟɧɢɣ, ɜɧɨɫɢɦɵɯ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɦɨɠɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɬɶ ɩɨɤɚɡɚɬɟɥɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ɗɬɨ 
ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɜɬɨɦɨɛɢɥɹ ɜ 
ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɧɚɝɪɭɡɤɢ, ɢɡɦɟɧɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ. ȼ ɫɜɹɡɢ ɫ  ɷɬɢɦ ɩɨɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ. Ⱥ ɢɦɟɧɧɨ, ɜ ɱɚɫɬɢ 
ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ. 
ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ : ɩɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɨɫɧɨɜɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɢɤɢ 
ɨɰɟɧɤɢ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ.  
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 
ɡɚɞɚɱɢ: 
1) ɋɞɟɥɚɬɶ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ ɢ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɞɥɹ ɨɰɟɧɤɢ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ; 
2) Ɋɚɡɪɚɛɨɬɚɬɶ ɩɚɬɟɧɬɧɨ-ɱɢɫɬɵɣ ɫɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɢɫɤɥɸɱɚɸɳɢɣ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ; 
3) Ɉɛɨɫɧɨɜɚɬɶ (ɞɨɤɚɡɚɬɶ) ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ 
ɦɟɬɨɞɭ ɩɨ ȽɈɋɌ 31507-2012; 
4) Ɉɛɨɫɧɨɜɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɣ ɨɫɧɚɫɬɤɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ; 
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5) ɉɪɨɜɟɫɬɢ ɚɩɪɨɛɚɰɢɸ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɨɰɟɧɤɭ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ. 
Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɉɪɨɰɟɞɭɪɚ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ 
ɫ ɜɧɟɫɟɧɧɵɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ. 
ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɫ ɜɧɟɫɟɧɧɵɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡɦɟɧɟɧɢɹɦɢ 
ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
ɇɚɭɱɧɚɹ ɝɢɩɨɬɟɡɚ – ɜɨɡɦɨɠɧɨ ɫɨɡɞɚɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ 
ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, 
ɢɫɤɥɸɱɚɸɳɟɝɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ, 
ɩɨɡɜɨɥɹɸɳɟɝɨ ɩɨɥɭɱɢɬɶ ɞɨɫɬɨɜɟɪɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɢ ɫɧɢɡɢɬɶ 
ɡɚɬɪɚɬɵ ɧɚ ɢɯ ɩɪɨɜɟɞɟɧɢɟ. 
ɇɚɭɱɧɵɟ ɩɨɥɨɠɟɧɢɹ, ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ: 
- ȼɨɡɦɨɠɧɚ ɪɚɡɪɚɛɨɬɤɚ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɢɫɩɵɬɚɧɢɣ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ, ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɦɟɬɨɞɭ ɩɨ 
ȽɈɋɌ 31507-2012; 
- ɉɪɢɦɟɧɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɢɫɩɵɬɚɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɫ ɜɧɟɫɟɧɧɵɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ 
ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɨɛɟɫɩɟɱɢɬɶ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ 
ɛɟɡɨɩɚɫɧɨɫɬɶ. 
Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ: Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɚɜɬɨɦɨɛɢɥɹ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ 
ɦɟɯɚɧɢɤɢ; Ƚɪɚɮɢɱɟɫɤɨɟ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ; ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ; ɇɚɬɭɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ; Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ. 
Ⱥɩɪɨɛɚɰɢɹ – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ 
ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɇɌɄ «Ɇɨɥɨɞɟɠɶ ɢ ɧɚɭɤɚ», ɚɩɪɟɥɶ 2018 ɝ., ɧɚ ɜɫɟɪɨɫɫɢɣɫɤɨɣ 
ɇɌɄ ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ «Ȼɨɪɢɫɨɜɫɤɢɟ ɱɬɟɧɢɹ», Ʉɪɚɫɧɨɹɪɫɤ, 2019 ɝ. 
ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ – Ɋɚɡɪɚɛɨɬɚɧ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɫ ɜɧɟɫɟɧɧɵɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡɦɟɧɟɧɢɹɦɢ ɧɚ 
ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɨɪɢɝɢɧɚɥɶɧɨɫɬɶ ɤɨɬɨɪɨɝɨ 
ɩɨɞɬɜɟɪɠɞɟɧɚ ɩɚɬɟɧɬɨɦ № 2693140 
ɉɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ – Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɦɟɬɨɞ 
ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɩɨɤɚɡɚɬɟɥɢ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɫ ɜɵɫɨɤɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ, 
ɩɪɢ ɦɢɧɢɦɭɦɟ ɡɚɬɪɚɬ. 
ɉɭɛɥɢɤɚɰɢɢ – Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɞɜɭɯ 
ɫɬɚɬɶɹɯ: «ɋɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ» [41] ɢ «Alternative 
method for evaluation of vehicle static transverse stability» [42], ɚ ɬɚɤɠɟ ɜ 
ɨɩɢɫɚɧɢɢ ɩɚɬɟɧɬɚ ɤ ɢɡɨɛɪɟɬɟɧɢɸ [8]. 
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1 Ɉɛɡɨɪ ɩɨ ɬɟɦɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ 
 
Ɉɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɨɬɧɨɫɢɬɫɹ ɤ ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɮɚɤɬɨɪɨɜ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɤɚɤ ɩɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ, ɬɚɤ ɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ.  
ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɩɨɩɟɪɟɱɧɨɣ 
ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɭ ɧɚɫ ɜ ɫɬɪɚɧɟ ɢ ɡɚ 
ɪɭɛɟɠɨɦ ɜɧɟɫɥɢ: ɉɚɜɥɨɜ ȼ.Ⱥ., Ƚɢɧɰɛɭɪɝ Ʌ.Ʌ., Ʉɢɫɭɥɟɧɤɨ Ȼ.ȼ., ɉɥɚɜɟɥɶɫɤɢɣ 
ȿ.ɉ., ɉɥɚɜɟɥɶɫɤɢɣ Ⱥ.ȿ., ɇɢɤɭɥɶɧɢɤɨɜ ɗ.ɇ., Ɋɭɛɰɨɜ ɋ.ȼ., Ƚɪɢɲɤɟɜɢɱ Ⱥ.ɂ., 
Ʌɢɬɜɢɧɨɜ Ⱥ.ɋ., Ɏɚɪɨɛɢɧ ə.ȿ.,Delisle, G., Pearson, J.R, Ervin, R.D, Kemp, R.N., 
Chinn, B.P., Brock, G. ȼ ɢɯ ɬɪɭɞɚɯ ɫɨɞɟɪɠɢɬɫɹ ɦɧɨɝɨ ɰɟɧɧɵɯ ɫɜɟɞɟɧɢɣ 
ɩɪɢɤɥɚɞɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ɉɧɢ ɩɨɫɜɹɳɟɧɵ, ɜ ɨɫɧɨɜɧɨɦ, ɨɩɪɟɞɟɥɟɧɢɸ 
ɩɨɤɚɡɚɬɟɥɟɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɞɧɚɤɨ ɜɨɩɪɨɫɚɦ 
ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ 
ɜɧɟɫɟɧɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɸ, ɧɟ ɭɞɟɥɟɧɨ ɞɨɫɬɚɬɨɱɧɨɝɨ 
ɜɧɢɦɚɧɢɹ. 
 
1.1 Ⱥɧɚɥɢɡ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ 
 
ȼɨ ɜɫɟɦ ɦɢɪɟ ɧɚ ɡɚɤɨɧɨɞɚɬɟɥɶɧɨɦ ɭɪɨɜɧɟ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɩɪɢɦɟɧɹɸɬɫɹ  
ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɚɪɚɦɟɬɪɚɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɤ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɩɪɨɰɟɞɭɪɚɦ ɨɰɟɧɤɢ ɷɬɢɯ ɫɜɨɣɫɬɜ. Ɍɚɤ, 
ɜ ɋɨɟɞɢɧɟɧɧɵɯ ɒɬɚɬɚɯ Ⱥɦɟɪɢɤɢ ɫɨɨɛɳɟɫɬɜɨɦ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢɧɠɟɧɟɪɨɜ 
(SAE) ɷɬɢ ɬɪɟɛɨɜɚɧɢɹ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɬɚɧɞɚɪɬɨɦ J2180 [1], ɜ ȿɜɪɨɩɟ – 
ɉɪɚɜɢɥɚɦɢ ɈɈɇ № 111 [2]. ȼ Ɋɨɫɫɢɢ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɭɫɬɨɣɱɢɜɨɫɬɢ  ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢɡɥɨɠɟɧɵ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɪɟɝɥɚɦɟɧɬɟ 
Ɍɚɦɨɠɟɧɧɨɝɨ ɫɨɸɡɚ ɌɊ Ɍɋ 018/2011 [3], ɚ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɹ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ 
ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ – ɜ ȽɈɋɌ 31507-2012 [4].  
ȼ ɉɪɚɜɢɥɚɯ ɈɈɇ №111 ɨɬɪɚɠɟɧɚ ɤɥɚɫɫɢɱɟɫɤɚɹ ɩɪɨɰɟɞɭɪɚ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɟɧɞɚ ɫ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣɫɹ ɩɥɚɬɮɨɪɦɨɣ. ɗɬɢ ɩɪɚɜɢɥɚ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɜ ɨɬɧɨɲɟɧɢɢ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɰɢɫɬɟɪɧ ɤɚɬɟɝɨɪɢɢ N2, N3, Ɉ3, Ɉ4, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 
ɩɟɪɟɜɨɡɤɢ ɨɩɚɫɧɵɯ ɝɪɭɡɨɜ.  
ȽɈɋɌ 31507-2012  ɪɟɝɥɚɦɟɧɬɢɪɭɟɬ ɫɩɨɫɨɛ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɟɧɞɚ ɫ 
ɠɟɫɬɤɨɣ ɩɥɚɬɮɨɪɦɨɣ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɨɣ ɩɨɡɜɨɥɹɬ ɩɨɥɧɨɫɬɶɸ ɪɚɡɦɟɫɬɢɬɶ 
ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ. ȽɈɋɌ 31507-2012 ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ (ɞɚɥɟɟ ȺɌɋ) ɤɚɬɟɝɨɪɢɢ ɆG, N ɢ Ɉ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɡɦɟɪɵ ɫɬɟɧɞɚ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɝɚɛɚɪɢɬɚɦ  ȺɌɋ.  
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ɋɬɚɧɞɚɪɬ SAE J2180 ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɟ  ȺɌɋ. 
ɉɪɨɰɟɞɭɪɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɞɨɩɭɫɤɚɟɬ ɜɚɪɢɚɧɬ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɬɟɧɞɚ ɫ ɠɟɫɬɤɨɣ ɩɥɚɬɮɨɪɦɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɚɛɚɪɢɬɚɦ ɚɜɬɨɦɨɛɢɥɹ, ɚ 
ɬɚɤɠɟ ɜɚɪɢɚɧɬ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɩɥɚɬɮɨɪɦ, 
ɤɨɬɨɪɵɟ ɪɚɡɦɟɳɚɸɬɫɹ ɬɨɥɶɤɨ ɩɨɞ ɨɫɹɦɢ ɚɜɬɨɦɨɛɢɥɹ. ɇɚɤɥɨɧ ɚɜɬɨɦɨɛɢɥɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɢɧɯɪɨɧɧɨ. ɗɬɢɦ ɞɨɫɬɢɝɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɫɬɟɧɞɚ.  
 ȼɨ ɜɫɟɯ ɬɪɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɚɯ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɬɟɧɞɚ ɫ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɨɣ, 
ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɥɧɨɰɟɧɧɨɟ ɩɪɨɜɟɞɟɧɢɟ 
ɢɫɩɵɬɚɧɢɣ.  
ɋɬɟɧɞɵ ɫ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɨɣ ɧɟ ɩɨɥɭɱɢɥɢ ɲɢɪɨɤɨɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡ-ɡɚ ɧɟɭɞɨɛɫɬɜɚ ɩɪɢɦɟɧɟɧɢɹ, ɞɨɪɨɝɨɜɢɡɧɵ, ɝɪɨɦɨɡɞɤɨɫɬɢ. 
Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ȺɌɋ ɨɬɫɭɬɫɬɜɨɜɚɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɧɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɬɟɯɧɢɱɟɫɤɢɯ ɨɫɦɨɬɪɚɯ ȺɌɋ. ȼɫɟ ɷɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɫ 
ɜɧɟɫɟɧɧɵɦɢ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 
1.2 Ʌɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ ɨɩɪɨɤɢɞɵɜɚɬɟɥɟɣ ɢ 
ɤɚɧɬɨɜɚɬɟɥɟɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɫɩɨɫɨɛɨɜ ɢɫɩɵɬɚɧɢɣ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ 
 
Ȼɵɥ ɩɪɨɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ ɧɚ ɬɟɦɭ «Ɉɩɪɨɤɢɞɵɜɚɬɟɥɢ 
ɢ ɤɚɧɬɨɜɚɬɟɥɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ» ɢ ɫɩɨɫɨɛɵ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ». Ȼɵɥɢ ɧɚɣɞɟɧɵ 
ɪɨɫɫɢɣɫɤɢɟ ɢ ɡɚɪɭɛɟɠɧɵɟ ɩɚɬɟɧɬɵ ɧɚ ɤɚɧɬɨɜɚɬɟɥɢ ɢ ɨɩɪɨɤɢɞɵɜɚɬɟɥɢ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɚ ɬɚɤ ɠɟ ɧɚ ɫɩɨɫɨɛɵ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ 
ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ȼɵɥɢ ɢɡɭɱɟɧɵ ɞɟɣɫɬɜɭɸɳɢɟ 
ɨɛɪɚɡɰɵ ɤɚɧɬɨɜɚɬɟɥɟɣ, ɨɩɪɨɤɢɞɵɜɚɬɟɥɟɣ ɢ ɚɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤɨɜ 
ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ. Ɋɟɡɭɥɶɬɚɬɵ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɨɝɨ ɩɨɢɫɤɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1.  
 
Ɍɚɛɥɢɰɚ 1.1 – ɋɩɪɚɜɤɚ ɨ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɨɦ ɩɨɢɫɤɟ 
ɉɪɟɞɦɟɬ ɩɨɢɫɤɚ ɋɬɪɚɧɚ ɩɨɢɫɤɚ 
Ʉɥɚɫɫɢɮɢ- 
ɤɚɰɢɨɧɧɵɟ 
ɢɧɞɟɤɫɵ 
ɆɉɄ 
ɉɨ ɮɨɧɞɭ 
ɤɚɤɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɜɟɞɟɧ ɩɨɢɫɤ 
ɂɫɬɨɱɧɢɤɢ ɢɧɮɨɪɦɚɰɢɢ (ɜɵɯɨɞɧɵɟ 
ɞɚɧɧɵɟ) 
ɇɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
ɉɚɬɟɧɬɧɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
1 2 3 4 5 6 
Ʉɚɧɬɨɜɚɬɟɥɶ ɫ 
ɩɨɞɴɟɦɧɵɦɢ 
ɰɟɧɬɪɚɦɢ[12] 
ɊɎ B23K 37/04 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 104885 
Ɂɚɹɜɥ. 
02.12.2010 
Ɉɩɭɛɥ. 
27.05.2011 
Ȼɸɥ. №15 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.1 
ɉɪɟɞɦɟɬ ɩɨɢɫɤɚ ɋɬɪɚɧɚ ɩɨɢɫɤɚ 
Ʉɥɚɫɫɢɮɢ- 
ɤɚɰɢɨɧɧɵɟ 
ɢɧɞɟɤɫɵ 
ɆɉɄ 
ɉɨ ɮɨɧɞɭ 
ɤɚɤɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɜɟɞɟɧ ɩɨɢɫɤ 
ɂɫɬɨɱɧɢɤɢ ɢɧɮɨɪɦɚɰɢɢ (ɜɵɯɨɞɧɵɟ 
ɞɚɧɧɵɟ) 
ɇɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
ɉɚɬɟɧɬɧɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
1 2 3 4 5 6 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ [13] ɊɎ B60S 13/00 B60S 5/00 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 2307039 
Ɂɚɹɜɥ. 
08.12.2005 
Ɉɩɭɛɥ. 
27.09.2007 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ [14] ɊɎ B60S 13/00 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
2005138192 
Ɂɚɹɜɥ. 
08.12.2005 
Ɉɩɭɛɥ. 
26.07.2007 
 Ⱥɜɬɨɦɨɛɢɥɟɪɚɡ
ɝɪɭɡɱɢɤ [15] ɊɎ B65G 67/48 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
94029153 
Ɂɚɹɜɥ. 
03.08.1994 
Ɉɩɭɛɥ. 
10.09.1996 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɟɣ [16] ɋɋɋɊ ȼ66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
1532537 
Ɂɚɹɜɥ. 
06.04.1987 
Ɉɩɭɛɥ. 
30.12.1989 
ɉɨɞɴɟɦɧɢɤ-
ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɟɣ [17] 
ɋɋɋɊ ȼ66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
1217777 
Ɂɚɹɜɥ. 
04.09.1984 
Ɉɩɭɛɥ. 
15.03.1986 
ɉɨɞɴɟɦɧɢɤ-
ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ 
ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ 
[18] 
ɊɎ B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 2982 
Ɂɚɹɜɥ. 19.06. 
1995 
Ɉɩɭɛɥ. 
16.10.1996 
ɍɧɢɜɟɪɫɚɥɶɧɵɣ 
ɫɬɚɰɢɨɧɚɪɧɵɣ 
ɰɚɧɝɨɜɵɣ 
ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ [19] 
ɊɎ B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 101029 
Ɂɚɹɜɥ. 
27.08.2010 
Ɉɩɭɛɥ. 
10.01.2001 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɟɣ [20] ɊɎ B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
2081810 
Ɂɚɹɜɥ. 
29.09.1994 
Ɉɩɭɛɥ. 
20.06.1997 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.1 
ɉɪɟɞɦɟɬ ɩɨɢɫɤɚ ɋɬɪɚɧɚ ɩɨɢɫɤɚ 
Ʉɥɚɫɫɢɮɢ-
ɤɚɰɢɨɧɧɵɟ 
ɢɧɞɟɤɫɵ 
ɆɉɄ 
ɉɨ ɮɨɧɞɭ 
ɤɚɤɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɜɟɞɟɧ 
ɩɨɢɫɤ 
ɂɫɬɨɱɧɢɤɢ ɢɧɮɨɪɦɚɰɢɢ 
(ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ) 
ɇɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
ɉɚɬɟɧɬɧɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
1 2 3 4 5 6 
Ʉɚɧɬɨɜɚɬɟɥɶ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ [21] 
ɊɎ B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
2043296 
Ɂɚɹɜɥ. 
18.10.1991 
Ɉɩɭɛɥ. 
10.09.1995 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɟɣ [22] ɊɎ B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
94036857 
Ɂɚɹɜɥ. 
29.09.1994 
Ɉɩɭɛɥ. 
10.07.1996 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ 
ɚɜɬɨɦɨɛɢɥɟɣ [23] ɊɎ B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 55352 
Ɂɚɹɜɥ. 
10.01.2006 
Ɉɩɭɛɥ.  
10.08.2006 
ɉɨɞɴɟɦɧɢɤ-
ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ 
ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ 
[24] 
ɊɎ B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 167367 
Ɂɚɹɜɥ. 
23.05.2016 
Ɉɩɭɛɥ. 
10.01.2017 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ [25] ɊɎ ȿ04ɇ 6/06 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
2000107475 
Ɂɚɹɜɥ. 
27.03.2000 
Ɉɩɭɛɥ. 
27.03.2002 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ [26] ɊɎ  ȿ04ɇ 6/06 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
2000125730 
Ɂɚɹɜɥ. 
12.10.2000 
Ɉɩɭɛɥ. 
20.09.2002 
Ⱥɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɨɱ-
ɧɵɣ ɜɟɫɨɜɨɣ ɤɨɦɩɥɟɤɫ 
[27] 
ɊɎ G01G 19/02 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
2453817 
Ɂɚɹɜɥ. 
22.04.2011 
Ɉɩɭɛɥ. 
20.06.2012 
ɇɚɩɪɚɜɥɹɸɳɚɹ 
ɩɥɚɬɮɨɪɦɚ ɞɥɹ 
ɩɪɨɜɟɪɤɢ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ 
 
US B63C 3/00 ɉɚɬɟɧɬɧɵɟ ɛɚɡɵ ɋɒȺ - 
ɉɚɬɟɧɬ US 
6,561,750 B1 
Ɂɚɹɜɥ. 
05.10.2000 
Ɉɩɭɛɥ. 
13.05.2003 
 
  
13 
 
Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 1.1 
ɉɪɟɞɦɟɬ ɩɨɢɫɤɚ ɋɬɪɚɧɚ ɩɨɢɫɤɚ 
Ʉɥɚɫɫɢɮɢ-
ɤɚɰɢɨɧɧɵɟ 
ɢɧɞɟɤɫɵ 
ɆɉɄ 
ɉɨ ɮɨɧɞɭ 
ɤɚɤɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ 
ɩɪɨɜɟɞɟɧ 
ɩɨɢɫɤ 
ɂɫɬɨɱɧɢɤɢ ɢɧɮɨɪɦɚɰɢɢ 
(ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ) 
ɇɚɭɱɧɨ-
ɬɟɯɧɢɱɟɫɤɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
ɉɚɬɟɧɬɧɚɹ 
ɞɨɤɭɦɟɧɬɚɰɢɹ 
1 2 3 4 5 6 
ɋɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɚ 
ɬɹɠɟɫɬɢ ɚɜɬɨɦɨɛɢɥɹ ɢ 
ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɫɩɨɫɨɛɚ 
UA G01M 1/12 
ɉɚɬɟɧɬɧɵɟ 
ɛɚɡɵ 
ɍɤɪɚɢɧɵ 
- 
ɉɚɬɟɧɬ 
2001096304 
Ɂɚɹɜɥ. 
13.09.2001 
Ɉɩɭɛɥ. 
15.01.2005 
ɋɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ (ɜɚɪɢɚɧɬɵ)[6] 
ɊɎ G01M 17/04 B66F 7/22 Ɏɂɉɋ - 
ɉɚɬɟɧɬ 
2573028 
Ɂɚɹɜɥ. 
12.08.2014 
Ɉɩɭɛɥ. 
20.01.2016 
 
1.3 Ⱥɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɢ ɢɯ ɤɥɚɫɫɢɮɢɤɚɰɢɹ 
 
Ɋɚɫɫɦɨɬɪɢɦ ɞɟɣɫɬɜɭɸɳɢɟ ɨɛɪɚɡɰɵ ɤɚɧɬɨɜɚɬɟɥɟɣ ɢ ɨɩɪɨɤɢɞɵɜɚɬɟɥɟɣ 
ɚɜɬɨɦɨɛɢɥɟɣ.  
 Эɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɞɥɹ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ 
(ɦɨɞɟɥɶ 461). Ⱦɚɧɧɵɣ ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɚɤɥɨɧɚ ɥɟɝɤɨɜɵɯ 
ɚɜɬɨɦɨɛɢɥɟɣ ɧɚ ɭɝɨɥ ɞɨ 60° ɩɪɢ ɢɯ ɬɟɯɧɢɱɟɫɤɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢ ɪɟɦɨɧɬɟ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɚɤɥɨɧɚ ɧɚ ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɫɨɫɬɚɜɥɹɟɬ 1,5 ɦɢɧ. 
Ɉɫɧɨɜɧɵɦɢ ɭɡɥɚɦɢ ɩɨɞɴɟɦɧɢɤɚ ɹɜɥɹɸɬɫɹ ɫɬɨɣɤɚ ɜ ɫɛɨɪɟ ɢ ɪɚɦɚ. ɋɬɨɣɤɚ 2  
ɪɚɫɩɨɥɨɠɟɧɚ ɫɛɨɤɭ ɩɨɞɴɟɦɧɨɣ ɪɚɦɵ 4 ɭ ɫɟɪɟɞɢɧɵ ɟɟ ɩɪɨɞɨɥɶɧɵɯ ɛɚɥɨɤ. ɉɨ 
ɫɬɨɣɤɚɦ ɲɜɟɥɥɟɪɨɜ ɪɚɦɵ, ɩɪɢɜɚɪɟɧɧɵɯ ɤ ɮɭɧɞɚɦɟɧɬɧɨɣ ɩɥɢɬɟ, ɜɟɪɬɢɤɚɥɶɧɨ 
ɩɟɪɟɦɟɳɚɟɬɫɹ ɤɚɪɟɬɤɚ, ɲɚɪɧɢɪɧɨ ɫɨɟɞɢɧɟɧɧɚɹ ɫ ɪɚɦɨɣ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɞɴɟɦ ɢ ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɧɚɤɥɨɧ ɪɚɦɵ ɫ ɚɜɬɨɦɨɛɢɥɟɦ, ɤɨɬɨɪɵɣ ɡɚɤɪɟɩɥɟɧ ɧɚ 
ɧɟɣ ɞɜɭɦɹ ɡɚɯɜɚɬɚɦɢ 5, ɡɚɠɢɦɚɸɳɢɦɢ ɤɨɥɟɫɚ. ɉɟɪɟɦɟɳɟɧɢɟ ɤɚɪɟɬɤɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɜɪɚɳɟɧɢɸ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜɧɭɬɪɢ ɫɬɨɣɤɢ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɝɨ ɜɢɧɬɚ, ɝɚɣɤɚ ɤɨɬɨɪɨɝɨ ɡɚɤɪɟɩɥɟɧɚ ɜ ɤɚɪɟɬɤɟ. ɉɪɢɜɨɞ ɜɢɧɬɚ 
ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 1 ɦɨɳɧɨɫɬɶɸ 2,8 Ʉȼɬ ɱɟɪɟɡ ɱɟɪɜɹɱɧɵɣ ɪɟɞɭɤɬɨɪ. 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɬɤɥɸɱɟɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɪɚɦɨɣ 
ɤɪɚɣɧɢɯ ɩɨɥɨɠɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɧɟɱɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɧɚ 
ɤɨɬɨɪɵɟ ɜɨɡɞɟɣɫɬɜɭɟɬ ɤɚɪɟɬɤɚ. ɉɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ 3 ɭɤɪɟɩɥɟɧ ɧɚ ɫɬɨɣɤɟ. 
ȼɧɟɲɧɢɣ ɜɢɞ ɞɚɧɧɨɝɨ ɨɩɪɨɤɢɞɵɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.1. 
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Ɋɢɫɭɧɨɤ 1.1 – ȼɧɟɲɧɢɣ ɜɢɞ ɨɩɪɨɤɢɞɵɜɚɬɟɥɹ ɦɨɞɟɥɢ 461 
 
 ɉɨɞɴɟɦɧɢɤ-ɤɚɧɬɨɜɚɬɟɥɶ ɦɟɯɚɧɢɱɟɫɤɢɣ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ 
ɩɨɞɴɟɦɧɢɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ  ɚɜɬɨɦɨɛɢɥɟɣ, 
ɚ ɢɦɟɧɧɨ ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɜ ɧɚɤɥɨɧɧɨɦ  ɩɨɥɨɠɟɧɢɢ. ɉɨɞɴɟɦɧɢɤ-
ɤɚɧɬɨɜɚɬɟɥɶ ɫɨɞɟɪɠɢɬ ɨɫɧɨɜɚɧɢɟ 8, 20, ɠɟɫɬɤɨɡɚɤɪɟɩɥɟɧɧɭɸ ɧɟ ɧɟɦ ɫɬɨɣɤɭ 
6 ɫ ɤɚɪɟɬɤɨɣ 2, ɢɦɟɸɳɢɟ ɩɪɢɜɨɞ ɨɬ ɞɨɦɤɪɚɬɚ 1,ɲɚɪɧɢɪɧɨ ɫɜɹɡɚɧɧɭɸ ɫ 
ɤɚɪɟɬɤɨɣ ɩɨɩɟɪɟɱɢɧɭ 3, ɩɨɞɤɥɚɞɵɜɚɟɦɭɸ ɩɨɞ ɚɜɬɨɦɨɛɢɥɶ.  ɉɨɞɴɟɦɧɢɤ 
ɹɜɥɹɟɬɫɹ ɩɟɪɟɞɜɢɠɧɵɦ ɫ ɪɭɱɧɵɦ ɩɪɢɜɨɞɨɦ, ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ  ɞɚɧɧɨɝɨ 
ɩɨɞɴɟɦɧɢɤɚ ɫɨɫɬɚɜɥɹɟɬ 1 500 ɤɝ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɜɵɫɨɤɨɣ ɜɟɥɢɱɢɧɟ  
ɩɨɞɴɟɦɚ, ɨɤɨɥɨ 780 ɦɦ. Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɫɨɫɬɚɜɥɹɸɬ 1 700ɯ400ɯ1 000 
ɦɦ. Ʉɪɨɦɟ ɬɨɝɨ ɩɨɞɴɟɦɧɢɤ ɢɦɟɟɬ ɧɟɛɨɥɶɲɭɸ ɦɚɫɫɭ – 74 ɤɝ ɢ ɧɟɫɥɨɠɧɭɸ 
ɤɨɧɫɬɪɭɤɰɢɸ. ɉɪɢ ɜɫɟɯ ɫɜɨɢɯ ɞɨɫɬɨɢɧɫɬɜɚɯ ɩɨɞɴɟɦɧɢɤ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɨɞɴɟɦ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɜɟɥɢɱɢɧɭ ɭɝɥɚ 78 ɝɪɚɞɭɫɨɜ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ 
ɩɨɞɴɟɦɧɢɤɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɫ ɧɢɦ ɧɟɨɛɯɨɞɢɦɨ ɞɟɦɨɧɬɢɪɨɜɚɬɶ 
ɩɟɪɟɞɧɢɟ ɞɜɟɪɢ ɫ ɚɜɬɨɦɨɛɢɥɹ. ȼɧɟɲɧɢɣ ɜɢɞ ɞɚɧɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ-
ɤɚɧɬɨɜɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.2. 
 
 
 
Ɋɢɫɭɧɨɤ 1.2 – ȼɧɟɲɧɢɣ ɜɢɞ ɩɨɞɴɟɦɧɢɤɚ - ɤɚɧɬɨɜɚɬɟɥɹ 
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 Аɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤ ɦɨɞɟɥɢ ɊɋА-81. Ⱥɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɛɨɤɨɜɨɣ ɪɚɡɝɪɭɡɤɢ 
ɛɨɪɬɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɞɥɢɧɨɣ ɞɨ 19 ɦ ɢ ɛɨɥɟɟ, ɨɛɳɟɣ ɦɚɫɫɨɣ ɞɨ65 ɬɨɧɧ. 
Ⱥɜɬɨɦɨɛɢɥɶɧɵɣ ɪɚɡɝɪɭɡɱɢɤ ɊɋȺ-81 ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɪɚɡɝɪɭɡɤɢ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɭɝɥɹ ɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɫɵɩɭɱɢɯ ɢɥɢ ɤɭɫɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
Ⱥɜɬɨɦɨɛɢɥɶ ɫ ɩɪɢɰɟɩɨɦ, ɩɨɥɭɩɪɢɰɟɩɨɦ ɢɥɢ ɛɟɡ ɩɪɢɰɟɩɚ, ɩɨɞɥɟɠɚɳɢɣ 
ɪɚɡɝɪɭɡɤɟ, ɜɴɟɡɠɚɟɬ ɧɚ ɩɥɚɬɮɨɪɦɭ ɚɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤɚ ɢ ɧɚɞɟɠɧɨ 
ɮɢɤɫɢɪɭɟɬɫɹ ɫɬɨɹɧɨɱɧɵɦ ɬɨɪɦɨɡɨɦ. Ɉɬ ɛɨɤɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɚɜɬɨɦɨɛɢɥɶ 
ɮɢɤɫɢɪɭɟɬɫɹ ɭɩɨɪɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ (ɫɬɨɥɨɦ). ɋ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ 
ɚɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤɚ ɊɋȺ-81 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɭɩɨɪɧɨɝɨ ɫɬɨɥɚ, 
ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɧɚɞɟɠɧɨɣ ɮɢɤɫɚɰɢɢ ɚɜɬɨɦɨɛɢɥɹ, ɡɚɬɟɦ ɨɬɤɪɵɜɚɟɬɫɹ 
ɛɨɤɨɜɨɣ ɛɨɪɬ. ɋ ɩɨɦɨɳɶɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɥɚɬɮɨɪɦɚ 
ɚɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤɚ ɧɚɤɥɨɧɹɟɬɫɹ ɝɢɞɪɨɰɢɥɢɧɞɪɚɦɢ ɧɚ ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ 
ɪɚɡɝɪɭɡɤɢ ɭɝɨɥ. ɉɨɫɥɟ ɪɚɡɝɪɭɡɤɢ ɩɥɚɬɮɨɪɦɚ ɢ ɫɬɨɥ ɨɩɭɫɤɚɸɬɫɹ ɢ ɚɜɬɨɦɨɛɢɥɶ 
ɫɴɟɡɠɚɟɬ ɫ ɩɥɚɬɮɨɪɦɵ. ɋɯɟɦɚ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɚɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.3. 
 
 
Ɋɢɫɭɧɨɤ 1.3 – ɋɯɟɦɚ ɪɚɛɨɬɵ ɚɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤɚ ɦɨɞɟɥɢ ɊɋȺ-81 
 
 Ɋɚɡɝɪɭɡɱɢɤ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ: ɩɥɚɬɮɨɪɦɵ, 
ɭɩɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɫɬɨɥɚ), ɨɩɨɪɵ, ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɚɝɪɟɝɚɬɨɦ 
ɧɚɫɨɫɧɵɦ, ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ ɲɤɚɮɨɦ ɢ ɩɭɥɶɬɨɦ 
ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɢ ɬɪɟɯ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɩɨɞɴɟɦɚ. 
Аɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤ ɨɞɧɨɤɨɥɟɣɧɵɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɦɨɞɟɥɢ АВɋ-
80[9].Ɋɚɡɝɪɭɡɱɢɤ ɚɜɬɨɦɨɛɢɥɟɣ Ⱥȼɋ-80 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ 
ɜɵɝɪɭɡɤɢ ɡɟɪɧɚ ɢɡ ɨɞɢɧɨɱɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɚɜɬɨɦɨɛɢɥɟɣ-ɩɨɥɭɩɪɢɰɟɩɨɜ, ɚ 
ɬɚɤɠɟ ɢɡ ɚɜɬɨɩɨɟɡɞɨɜ ɫ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɩɪɢɰɟɩɚɦɢ ɛɟɡ ɢɯ ɪɚɫɰɟɩɤɢ, 
ɱɟɪɟɡ ɨɬɤɪɵɬɵɣ ɛɨɤɨɜɨɣ ɛɨɪɬ. ȼɧɟɲɧɢɣ ɜɢɞ ɪɚɡɝɪɭɡɱɢɤɚ Ⱥȼɋ-80 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.3. 
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Ɋɢɫɭɧɨɤ 1.4 – ȼɧɟɲɧɢɣ ɜɢɞ ɚɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤɚ Ⱥȼɋ-80 
 
Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɟɬ ɦɨɛɢɥɶɧɚɹ ɜɟɪɫɢɹ – Ⱥɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤ 
ɨɞɧɨɤɨɥɟɣɧɵɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɟɪɟɞɜɢɠɧɨɣ ɦɨɞɟɥɢ Ⱥȼɋ-80ɉ. 
ɋɬɟɧɞ ɫ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɦɨɞɟɥɢ KRASYB 14SW. ɋɬɟɧɞ 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɟɣ ɧɚ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫɨɞɟɪɠɢɬ ɩɨɜɨɪɨɬɧɭɸ ɩɥɚɬɮɨɪɦɭ, ɜɵɩɨɥɧɟɧɧɭɸ ɜ ɜɢɞɟ 
ɨɛɴɟɦɧɨɣ ɪɚɦɵ. ɉɨɞɴɟɦ ɩɥɚɬɮɨɪɦɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ. ȼɧɟɲɧɢɣ ɜɢɞ ɫɬɟɧɞɚ KRASYB 14SW ɩɪɟɞɫɬɚɜɥɟɧ 
ɧɚ ɪɢɫɭɧɤɟ 1.5. 
 
 
 
Ɋɢɫɭɧɨɤ 1.5 – ȼɧɟɲɧɢɣ ɜɢɞ ɫɬɟɧɞɚ KRASYB 14SW 
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ɋɬɟɧɞ ɬɚɤ ɠɟ ɢɦɟɟɬ ɪɹɞ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɫɧɢɦɚɸɳɟɝɨ ɩɨɤɚɡɚɧɢɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɜɪɟɦɟɧɢ ɩɨɞɴɟɦɚ ɚɜɬɨɦɨɛɢɥɹ. 
Ʉɨɧɫɬɪɭɤɰɢɹ ɢɦɟɟɬ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ 2900ɯ1850ɯ400 ɦɦ ɢ ɨɛɥɚɞɚɟɬ 
ɜɵɫɨɬɨɣ ɩɨɞɴɟɦɚ 1100 ɦɦ, ɩɪɢɷ ɬɨɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɝɨɥ ɩɨɞɴɟɦɚ 
ɫɨɫɬɚɜɥɹɟɬ 83 ɝɪɚɞɭɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɭɫɬɪɨɣɫɬɜɟ  ɫɬɟɧɞɚ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɩɨɞɭɲɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫɨ ɫɬɨɪɨɧɵ ɤɪɟɧɚ ɚɜɬɨɦɨɛɢɥɹ ɞɥɹ  ɨɫɬɚɧɨɜɤɢ 
ɚɜɬɨɦɨɛɢɥɹ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɛɭɞɟɬ ɩɨɬɟɪɹɧɚ.  
Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɫɬɟɧɞɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɟɝɨ ɨɫɧɚɳɟɧɧɨɫɬɶ 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɬɶ 
ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɹ ɜ ɦɨɦɟɧɬ ɢɯ ɩɪɨɜɟɞɟɧɢɹ. Ʉɨɧɫɬɪɭɤɰɢɹ ɫɬɟɧɞɚ ɧɟ 
ɨɬɥɢɱɚɟɬɫɹ ɨɫɨɛɨɣ ɫɥɨɠɧɨɫɬɶɸ. ɋɬɟɧɞ ɹɜɥɹɟɬɫɹ ɦɨɛɢɥɶɧɵɦ. 
ɋɬɟɧɞ ɫ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɋɈ-50[10]. ɋɬɟɧɞ ɩɪɟɞɧɚɡɧɚɱɟɧ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ. Ⱦɚɧɧɵɣ ɫɬɟɧɞ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɛɚɥɚɧɫɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ Ⱦɦɢɬɪɨɜɫɤɨɝɨ ɚɜɬɨɩɨɥɢɝɨɧɚ ɢ ɫɨɫɬɨɢɬ 
ɢɡ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɭɩɨɪɚ ɞɥɹ ɤɨɥɟɫ, ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ ɜɢɞɟ 
ɲɜɟɥɥɟɪɚ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ, ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ  ɪɟɦɧɟɣ 
ɮɢɤɫɚɬɨɪɨɜ. ȼɧɟɲɧɢɣ ɜɢɞ ɫɬɟɧɞɚ ɋɈ-50 ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.6. 
 
 
Ɋɢɫɭɧɨɤ 1.6 – ɋɬɟɧɞ ɫ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɋɈ-50 
 
 ɍɝɨɥ ɧɚɤɥɨɧɚ ɩɥɚɬɮɨɪɦɵ ɫɨɫɬɚɜɥɹɟɬ 60 ɝɪɚɞɭɫɨɜ. ɇɟɞɨɫɬɚɬɤɚɦɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɸɬɫɹ ɛɨɥɶɲɢɟ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɢ ɦɚɫɫɚ, ɫɥɨɠɧɨɫɬɶ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɤɚɤ ɫɚɦɨɣ ɩɥɚɬɮɨɪɦɵ, ɬɚɤ ɢ ɩɪɢɜɨɞɚ ɦɟɯɚɧɢɡɦɚ ɟɟ ɩɨɜɨɪɨɬɚ 
ɜɞɨɥɶ ɨɫɢ. 
 Ɉɩɪɨɤɢɞɵɜɚɸɳɚɹ ɩɥɚɬɮɨɪɦɚ Чɟɥɹɛɢɧɫɤɨɝɨ ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ 
ɰɟɧɬɪɚ[11]. Ⱦɚɧɧɵɣ ɨɛɪɚɡɟɰ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɥɚɬɮɨɪɦɭ, 
ɢɦɟɸɳɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɤɥɨɧɚ ɧɚ ɬɪɟɛɭɟɦɵɣ ɭɝɨɥ, ɚɩɩɚɪɟɥɢ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ 
ɡɚɟɡɞɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ,  ɤɪɨɧɲɬɟɣɧɵ ɫ ɩɪɨɭɲɢɧɚɦɢ ɩɨɞ ɬɪɨɫ ɢ 
ɤɪɨɧɲɬɟɣɧɵ ɫ ɰɟɩɹɦɢ ɞɥɹ ɫɬɪɚɯɨɜɤɢ ɚɜɬɨɦɨɛɢɥɹ ɨɬ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɫ ɨɞɧɨɣ 
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ɫɬɨɪɨɧɵ ɩɥɚɬɮɨɪɦɵ,  ɚ ɬɚɤɠɟ ɭɩɨɪɧɵɟ ɛɨɪɞɸɪɵ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ. ɇɚɤɥɨɧ 
ɩɥɚɬɮɨɪɦɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ. 
ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ ɟɝɨ ɢɡɝɨɬɨɜɥɟɧɢɹ. 
ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɟɫɶ ɩɪɨɰɟɫɫ ɢɫɩɵɬɚɧɢɣ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɯɨɞɢɬ ɧɚ 
ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. ȼɧɟɲɧɢɣ ɜɢɞ ɞɚɧɧɨɝɨ ɫɨɨɪɭɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɢɠɟ ɧɚ 
ɪɢɫɭɧɤɟ 1.7. 
 
 
 
Ɋɢɫɭɧɨɤ 1.7 – Ɉɩɪɨɤɢɞɵɜɚɸɳɚɹ ɩɥɚɬɮɨɪɦɚ ɑɟɥɹɛɢɧɫɤɨɝɨ 
 ɢɫɩɵɬɚɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚ 
 
ɋɬɟɧɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɦɨɞɟɥɢ ɋɈАɌɋ-1 (ɋɈАɌɋ-2, ɋɈАɌɋ-4) 
(ɪɢɫɭɧɤɢ 1.8 ɢ 1.9)[35]. 
ɋɬɟɧɞ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ  
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. Ⱦɚɧɧɵɣ ɫɬɟɧɞ ɜɵɩɭɫɤɚɟɬɫɹ ɤɨɦɩɚɧɢɟɣ ɈɈɈ 
«ȻɂȺ». ɉɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɪɨɦɨɡɞɤɭɸ ɢ ɞɨɜɨɥɶɧɨ ɬɹɠɟɥɭɸ 
ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɢɧɤɪɟɦɟɧɬɚɥɶɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 
Ʉɨɦɩɥɟɤɬɚɰɢɹ ɫɬɟɧɞɚ: 
-  ɩɨɜɨɪɨɬɧɵɟ ɩɥɚɬɮɨɪɦɵ ɫ ɨɩɨɪɧɨɣ ɪɚɦɨɣ; 
- ɭɡɟɥ ɤɨɧɬɪɨɥɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɩɨɬɟɪɢ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɛɴɟɤɬɚ; 
- ɭɡɟɥ ɭɞɟɪɠɚɧɢɹ ɨɛɴɟɤɬɚ ɧɚ ɩɥɚɬɮɨɪɦɟ ɫ ɪɟɦɧɟɦ ɫɬɪɨɩɨɜɵɦ ɢ ɰɟɩɧɵɦ; 
- ɤɨɦɩɥɟɤɬ ɢɧɤɪɟɦɟɧɬɚɥɶɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ; 
-  ɦɟɫɬɨ ɨɩɟɪɚɬɨɪɚ; 
-  ɞɢɫɬɚɧɰɢɨɧɧɵɣ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɫɬɟɧɞɨɦ; 
-  ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ; 
-  ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; 
-  ɩɪɢɛɨɪ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɧɚɤɥɨɧɚ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɜɧɟɫɟɧɧɵɣ ɜ Ƚɨɫɪɟɟɫɬɪ ɊɎ; 
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-  ɲɤɚɮ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɥɨɜɨɣ; 
-  ɲɤɚɮ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; 
-  ɫɢɥɨɜɵɟ ɤɚɛɟɥɢ; 
-  ɤɨɦɩɥɟɤɬ ɤɚɛɟɥɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ; 
-  ɤɨɧɫɬɪɭɤɬɨɪɫɤɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ; 
- ɩɟɪɜɢɱɧɚɹ ɚɬɬɟɫɬɚɰɢɹ ɫɬɟɧɞɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 
8.568, ȽɈɋɌ 31507, ɩɪɨɝɪɚɦɦɵ ɩɟɪɜɢɱɧɨɣ ɚɬɬɟɫɬɚɰɢɢ, ɦɟɬɨɞɢɤɢ ɩɟɪɜɢɱɧɨɣ ɢ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɚɬɬɟɫɬɚɰɢɢ. 
 
 
 
Ɋɢɫɭɧɨɤ 1.8 – ɋɬɟɧɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɦɨɞɟɥɢ ɋɈȺɌɋ-1 
 
 Ɋɢɫɭɧɨɤ 1.9 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɟɧɞɨɜ ɋɈȺɌɋ-1,  
ɋɈȺɌɋ-2 ɢ ɋɈȺɌɋ-4. 
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ȼɫɟ ɧɚɣɞɟɧɧɵɟ ɜ ɩɪɨɰɟɫɫɟ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɞɟɢ 
ɢ ɨɛɪɚɡɰɵ ɨɩɪɨɤɢɞɵɜɚɬɟɥɟɣ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
ɉɨ ɤɨɧɫɬɪɭɤɰɢɢ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ : 
- ɉɥɚɬɮɨɪɦɟɧɧɵɟ; 
- Ɋɚɦɧɵɟ; 
ɉɨ ɧɚɡɧɚɱɟɧɢɸ: 
- ɂɫɩɵɬɚɬɟɥɶɧɵɟ; 
- Ɋɚɡɝɪɭɡɨɱɧɵɟ; 
- Ⱦɥɹ ɤɚɧɬɨɜɚɧɢɹ; 
- Ⱦɥɹ ɬɟɯɧɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɚɜɬɨɦɨɛɢɥɶ; 
- Ⱦɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. 
ɉɨ ɬɢɩɭ ɩɪɢɜɨɞɚ: 
- Ɇɟɯɚɧɢɱɟɫɤɢɟ; 
- ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ; 
- Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ; 
- ɉɧɟɜɦɚɬɢɱɟɫɤɢɟ. 
ɉɨ ɩɨɞɜɢɠɧɨɫɬɢ: 
- ɋɬɚɰɢɨɧɚɪɧɵɟ; 
- Ɇɨɛɢɥɶɧɵɟ. 
ɉɨ ɨɛɴɟɤɬɚɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ (ɨɩɪɨɤɢɞɵɜɚɧɢɹ): 
- Ⱦɥɹ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ; 
- Ⱦɥɹ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ; 
- ɍɧɢɜɟɪɫɚɥɶɧɵɟ. 
 
1.4 Ⱥɧɚɥɢɡ ɩɪɨɬɨɬɢɩɚ 
 
ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɬɟɯɧɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ  ɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦɭ  
ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚ ɤɚɮɟɞɪɟ 
«Ɍɪɚɧɫɩɨɪɬ» ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ  
ɭɧɢɜɟɪɫɢɬɟɬɚ  [6]. Ɉɧ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɪɚɡɦɟɳɟɧɢɟ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɧɚ ɨɩɨɪɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫɭɧɨɤ 1.10), ɫɨɡɞɚɧɢɟ 
ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ ɦɨɦɟɧɬɚ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɩɪɢ ɩɨɞɴɟɦɟ ɩɨɞɧɢɦɚɟɦɨɣ 
ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɞɨ ɦɨɦɟɧɬɚ ɨɬɪɵɜɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɨɥɟɫ ɨɬ ɨɩɨɪɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɡɦɟɪɟɧɢɟ ɭɝɥɚ φ ɤɪɟɧɚ 
ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɨɥɨɠɟɧɢɢ ɨɬɪɵɜɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɥɟɫ ɟɝɨ ɩɨɞɧɢɦɚɟɦɨɣ ɫɬɨɪɨɧɵ ɨɬ ɨɩɨɪɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɩɪɟɞɟɥɟɧɢɟ  ɭɝɥɚ ߙ˔˖  ɟɝɨ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɩɨ ɮɨɪɦɭɥɟ 1) ɫ ɭɱɟɬɨɦ ɢɡɦɟɪɟɧɧɨɝɨ ɭɝɥɚ φ ɤɪɟɧɚ 
ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ.  
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1 – ɨɩɨɪɧɚɹ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; 2 – ɨɩɨɪɧɵɣ ɛɪɭɫɨɤ; 3 – 
ɥɟɛɟɞɤɚ; 4 – ɬɪɨɫ; 5 – ɪɭɥɟɬɤɚ; 6 – ɢɫɩɵɬɭɟɦɨɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ;  
 
Ɋɢɫɭɧɨɤ 1.10 – ɋɯɟɦɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɫɩɨɫɨɛɚ 
 
ɇɟɞɨɫɬɚɬɤɢ ɩɪɨɬɨɬɢɩɚ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ 
ɪɟɚɥɢɡɚɰɢɢ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ  ɧɚ ɨɩɪɨɤɢɞɵɜɚɟɦɭɸ ɫɬɨɪɨɧɭ ɩɪɢɯɨɞɢɬɫɹ ɬɨɥɶɤɨ ɱɚɫɬɶ 
ɦɚɫɫɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɬ. ɤ. ɞɪɭɝɚɹ ɱɚɫɬɶ ɦɚɫɫɵ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢɯɨɞɢɬɫɹ 
ɧɚ ɧɚɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜ ɜɢɞɟ ɞɨɦɤɪɚɬɚ, ɫɨɡɞɚɸɳɟɝɨ ɨɩɪɨɤɢɞɵɜɚɸɳɢɣ 
ɦɨɦɟɧɬ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɫɬɟɧɞɟ ɫ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ 
ɩɥɚɬɮɨɪɦɨɣ ɩɨ ɦɟɬɨɞɢɤɟ, ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɣ  ȽɈɋɌ 31507-2012,  ɜ ɦɨɦɟɧɬ 
ɨɬɪɵɜɚ ɤɨɥɟɫ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɨɩɪɨɤɢɞɵɜɚɟɦɭɸ ɫɬɨɪɨɧɭ ɩɪɢɯɨɞɢɬɫɹ ɜɫɹ ɦɚɫɫɚ 
ɚɜɬɨɦɨɛɢɥɹ.  
ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɨɦ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɫɨɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɤɪɟɧɚ φ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɦɚɫɫɵ 
ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ ɭɩɨɦɹɧɭɬɨɝɨ 
ɭɝɥɚ, ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɣ ȽɈɋɌ 31507-2012, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ  
ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ߙ˔˖  ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɩɵɬɭɟɦɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɜɵɲɟɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɦɟɬɨɞɚ 
ɦɟɬɨɞɭ, ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɦɭ ȽɈɋɌ 31507-2012, ɧɟ ɞɨɤɚɡɚɧɚ [6]. 
 
ȼɵɜɨɞɵ ɩɨ ɩɟɪɜɨɣ ɝɥɚɜɟ 
 
ȼ ɯɨɞɟ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɨɝɨ ɨɛɡɨɪɚ ɩɨ ɬɟɦɟ «Ʉɚɧɬɨɜɚɬɟɥɢ ɢ 
ɨɩɪɨɤɢɞɵɜɚɬɟɥɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ» ɛɵɥɢ ɧɚɣɞɟɧɵ, ɪɚɫɫɦɨɬɪɟɧɵ ɢ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ (19 ɪɟɲɟɧɢɣ) ɢ ɞɟɣɫɬɜɭɸɳɢɟ ɨɛɪɚɡɰɵ 
(8 ɨɛɪɚɡɰɨɜ), ɞɚɧɚ ɢɯ ɩɪɨɫɬɟɣɲɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ. 
Ȼɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɨɬɨɬɢɩɚ, ɜɵɹɜɥɟɧɵ ɟɝɨ ɧɟɞɨɫɬɚɬɤɢ. Ⱥ ɢɦɟɧɧɨ, 
ɜɵɫɨɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɦɚɫɫɵ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ  ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɫɬɚɜɥɟɧɚ ɩɨɞ 
ɫɨɦɧɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ 
ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1) ɋɞɟɥɚɬɶ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ ɢ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɞɥɹ ɨɰɟɧɤɢ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ; 
2) Ɋɚɡɪɚɛɨɬɚɬɶ ɩɚɬɟɧɬɧɨ-ɱɢɫɬɵɣ ɫɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɢɫɤɥɸɱɚɸɳɢɣ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ; 
3) Ɉɛɨɫɧɨɜɚɬɶ (ɞɨɤɚɡɚɬɶ) ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ 
ɦɟɬɨɞɭ ɩɨ ȽɈɋɌ 31507-2012; 
4) Ɉɛɨɫɧɨɜɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɣ ɨɫɧɚɫɬɤɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ; 
 
  
23 
 
 2 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɪɚɡɪɚɛɨɬɤɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ 
ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ 
 
2.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 
ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɹ 
 
ɉɪɚɜɢɥɚ ɈɈɇ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɟ ɦɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ ɚɜɬɨɦɨɛɢɥɟɣ 
ɨɝɨɜɚɪɢɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɩɪɨɰɟɞɭɪ 
ɢɫɩɵɬɚɧɢɣ, ɧɨ ɨɝɨɜɚɪɢɜɚɸɬ, ɱɬɨ ɷɬɢ ɩɪɨɰɟɞɭɪɵ ɞɨɥɠɧɵ ɛɵɬɶ 
ɷɤɜɢɜɚɥɟɧɬɧɵ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɚɦ. ɉɪɢ ɷɬɨɦ ɜ ɉɪɚɜɢɥɚɯ ɈɈɇ 
ɧɟ ɝɨɜɨɪɢɬɫɹ, ɤɚɤ ɞɨɤɚɡɚɬɶ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɦɭ, ɤɬɨ ɷɬɨ ɞɨɥɠɟɧ ɞɟɥɚɬɶ ɢ ɩɨ ɤɚɤɢɦ ɤɪɢɬɟɪɢɹɦ 
ɨɰɟɧɢɜɚɬɶ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ. 
ɉɨɥɨɠɢɬɟɥɶɧɵɦɢ ɫɬɨɪɨɧɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɦɟɬɨɞɨɜ 
ɢɫɩɵɬɚɧɢɣ ɦɨɠɟɬ ɛɵɬɶ: 
– ɞɨɩɭɫɬɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɦɟɬɨɞɨɜ ɩɨɡɜɨɥɢɬ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦ 
ɩɪɨɞɭɤɰɢɢ ɢ ɢɫɩɵɬɚɬɟɥɶɧɵɦ ɥɚɛɨɪɚɬɨɪɢɹɦ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ  
ɢɫɩɵɬɚɧɢɣ; 
– ɩɪɨɝɪɟɫɫ ɫɮɟɪɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ȺɌɋ ɢ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ 
ɜɫɥɟɞɫɬɜɢɟ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɟɯɧɨɥɨɝɢɣ 
ɢɫɩɵɬɚɧɢɹ ɢ ɨɰɟɧɤɢ ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. 
Ɉɬɪɢɰɚɬɟɥɶɧɵɦɢ ɫɬɨɪɨɧɚɦɢ ɩɪɢɦɟɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 
ɢɫɩɵɬɚɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɫɥɟɞɭɸɳɟɟ: 
– ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɪɚɜɢɥ ɈɈɇ ɧɟɬ ɱɟɬɤɨ ɩɪɨɩɢɫɚɧɧɵɯ ɫɩɨɫɨɛɨɜ 
ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ, ɱɬɨ 
ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɩɪɢɦɟɧɟɧɢɸ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢ,  
ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɪɢɫɤɚɦ ɜɵɩɭɫɤɚ ɜ ɨɛɪɚɳɟɧɢɟ ɩɪɨɞɭɤɰɢɢ, ɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
– ɭɜɟɥɢɱɟɧɢɟ ɪɢɫɤɨɜ ɫɧɢɠɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɫɩɵɬɚɧɢɣ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɦɨɠɧɨɝɨ ɩɪɨɹɜɥɟɧɢɹ ɫɭɛɴɟɤɬɢɜɢɡɦɚ, ɤɨɬɨɪɨɟ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɪɚɡɧɵɯ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ  ɢ ɭ 
ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɨɞɭɤɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɧɟ 
ɫɨɝɥɚɫɭɸɳɢɟɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɦɟɬɨɞɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɨɛɨɫɧɨɜɚɧɢɹ 
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ. ȼɫё ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɧɢɠɟɧɢɸ ɫɬɟɩɟɧɢ ɞɨɜɟɪɢɹ ɤ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɫɮɟɪɟ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ  
ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
ɉɨɷɬɨɦɭ ɫɮɨɪɦɭɥɢɪɭɟɦ ɩɨɧɹɬɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɦɟɬɨɞɚ 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɢɫɩɵɬɚɧɢɹɦ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚ ɩɨɩɟɪɟɱɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ: 
ɚ) ɫɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɜ ɚɥɶɬɟɪɧɚɬɢɜɧɨɦ 
ɦɟɬɨɞɟ ɞɨɥɠɧɚ ɛɵɬɶ ɢɞɟɧɬɢɱɧɚ ɫɯɟɦɟ ɧɚɝɪɭɠɟɧɢɹ ɜ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɦ 
ɦɟɬɨɞɟ; 
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ɛ) ɧɚɝɪɭɡɤɢ, ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɷɥɟɦɟɧɬɵ ɩɨɞɜɟɫɤɢ ɜ 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɦ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɦ ɦɟɬɨɞɟ ɞɨɥɠɧɵ ɛɵɬɶ 
ɢɞɟɧɬɢɱɧɵɦɢ.  
Ɍɨɥɶɤɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɚɤɢɯ ɭɫɥɨɜɢɣ ɦɨɠɧɨ ɛɭɞɟɬ ɨɠɢɞɚɬɶ, ɱɬɨ 
ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɷɬɢɦɢ 
ɦɟɬɨɞɚɦɢ, ɛɭɞɭɬ ɢɦɟɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ. 
ȼ ɡɚɤɥɸɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɨɩɪɨɫɵ ɨɛɨɫɧɨɜɚɧɢɹ  
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 
ɢɫɩɵɬɚɧɢɣ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɚɜɬɨɤɨɦɩɨɧɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɤɪɚɣɧɟ 
ɜɚɠɧɵɦɢ, ɬɪɟɛɭɸɬ ɬɳɚɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɪɚɫɫɦɨɬɪɟɧɢɹ, ɧɚɭɱɧɨɝɨ 
ɨɛɨɫɧɨɜɚɧɢɹ, ɚɩɪɨɛɚɰɢɢ ɢ ɩɪɢɡɧɚɧɢɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦ ɫɨɨɛɳɟɫɬɜɨɦ. 
ɋɟɪɬɢɮɢɤɚɰɢɨɧɧɨɦɭ ɫɨɨɛɳɟɫɬɜɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɜɧɟɫɬɢ ɜ 
ɉɪɚɜɢɥɚ ɈɈɇ ɞɨɩɭɫɬɢɦɵɟ (ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ, ɪɚɜɧɨɰɟɧɧɵɟ) ɦɟɬɨɞɵ 
ɢɫɩɵɬɚɧɢɣ, ɚ ɬɚɤɠɟ ɫɚɦɢ ɩɪɨɰɟɞɭɪɵ ɨɛɨɫɧɨɜɚɧɢɹ ɢɯ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ, ɱɬɨ 
ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɚɜɨɦɟɪɧɨ ɢɯ ɩɪɢɦɟɧɹɬɶ, ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ, 
ɩɨɜɵɫɢɬɶ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɢ ɨɛɴɟɤɬɢɜɧɨɫɬɶ ɨɰɟɧɨɤ ɫɨɨɬɜɟɬɫɬɜɢɹ 
ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɚɜɬɨɤɨɦɩɨɧɟɧɬɨɜ ɭɫɬɚɧɨɜɥɟɧɧɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɢɡɜɟɫɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ [5]: 
 ܽ˔˖ = ܽݎܿݐ݃ ቀ ௕ଶℎቁ − 𝜑,            (2.1) 
 
ɝɞɟ  b – ɤɨɥɟɹ ɤɨɥɟɫ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ȺɌɋ ɜ ɩɥɨɫɤɨɫɬɢ, 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɟɝɨ ɰɟɧɬɪ ɦɚɫɫ, ɦɦ;  
 h – ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɧɚɞ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɦɦ; 
 φ – ɭɝɨɥ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ. 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ, ɹɜɥɹɸɳɟɝɨɫɹ 
ɩɪɨɬɨɬɢɩɨɦ, ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ φ 
ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɩɪɢ ɧɚɝɪɭɡɤɚɯ ɧɚ ɩɨɞɜɟɫɤɭ, ɚɧɚɥɨɝɢɱɧɵɯ 
ɧɚɝɪɭɡɤɚɦ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɩɨ ȽɈɋɌ 31507-2012. 
 
2.2 ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ 
ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ 
 
ɉɨɫɬɚɜɥɟɧɧɚɹ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɫɩɨɫɨɛɟ ɢɫɩɵɬɚɧɢɹ 
ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɜɤɥɸɱɚɸɳɟɦ ɪɚɡɦɟɳɟɧɢɟ ɢɫɩɵɬɭɟɦɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɨɩɨɪɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɨɡɞɚɧɢɟ 
ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɢɫɩɵɬɭɟɦɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ ɞɨ ɦɨɦɟɧɬɚ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɟɝɨ ɫɬɨɪɨɧɵ ɨɬ ɨɩɨɪɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɥɨɠɟɧɢɹ ɭɫɢɥɢɹ ɤ 
ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɱɚɫɬɢ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɝɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɰɟɧɬɪ 
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ɦɚɫɫ, ɢɡɦɟɪɟɧɢɟ ɭɝɥɚ φ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɢɫɩɵɬɭɟɦɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɨɥɨɠɟɧɢɢ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɟɝɨ ɫɬɨɪɨɧɵ ɨɬ ɨɩɨɪɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ ߙɫу  ɟɝɨ ɫɬɚɬɢɱɟɫɤɨɣ 
ɩɨɩɟɪɟɱɧɨɣ ɫ ɭɱɟɬɨɦ ɢɡɦɟɪɟɧɧɨɝɨ ɭɝɥɚ φ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ 
ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɫɨɝɥɚɫɧɨ ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɪɟɲɟɧɢɸ, ɤɨɥɟɫɚ ɨɞɧɨɣ 
ɢɡ ɫɬɨɪɨɧ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɧɟɩɨɞɜɢɠɧɭɸ 
ɩɥɨɳɚɞɤɭ ɢɥɢ ɧɚ ɨɩɨɪɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɚ ɤɨɥɟɫɚ ɟɝɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ 
ɫɬɨɪɨɧɵ – ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɥɚɬɮɨɪɦɟɧɧɵɟ ɜɟɫɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ 
ɩɨɞɤɚɬɧɨɣ (ɩɨɞɤɚɬɧɵɯ) ɩɥɨɳɚɞɤɟ(ɩɥɨɳɚɞɤɚɯ), ɤɨɬɨɪɨɣ (ɤɨɬɨɪɵɦɢ) 
ɨɫɧɚɳɟɧ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɩɨɞɴɟɦɧɢɤ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ 
ɦɨɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɢɫɩɵɬɭɟɦɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɩɨɞɴɟɦɧɢɤ, ɤɢɧɟɦɚɬɢɱɟɫɤɢ 
ɫɜɹɡɚɧɧɵɣ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɭɯ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɫɬɪɨɩ ɫ 
ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɱɚɫɬɶɸ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ.  Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɢ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɤɚɬɵɜɚɧɢɹ ɩɨ ɢɧɟɪɰɢɢ ɩɨɞɤɚɬɧɨɣ ɩɥɨɳɚɞɤɢ 
ɢɫɩɨɥɶɡɭɸɬ ɫɬɪɚɯɨɜɨɱɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɢɡ 
ɱɟɬɵɪɟɯ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɨɜ, ɩɪɨɛɪɨɲɟɧɧɵɯ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɫɬɪɚɯɨɜɨɱɧɵɟ ɛɥɨɤɢ. Ⱦɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɨɞɴɟɦ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɞɨ ɟɝɨ ɩɨɥɨɠɟɧɢɹ, ɛɥɢɡɤɨɝɨ ɤ ɧɟɭɫɬɨɣɱɢɜɨɦɭ 
ɪɚɜɧɨɜɟɫɢɸ, ɜ ɤɨɬɨɪɨɦ ɩɨɫɪɟɞɫɬɜɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɥɚɬɮɨɪɦɟɧɧɵɯ 
ɜɟɫɨɜ ɮɢɤɫɢɪɭɸɬ ɦɚɫɫɭ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɛɥɢɡɤɭɸ ɤ ɟɝɨ ɩɨɥɧɨɣ 
ɦɚɫɫɟ, ɜ ɬɚɤɨɦ ɩɨɥɨɠɟɧɢɢ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɛɥɢɡɤɨɦ ɤ 
ɧɟɭɫɬɨɣɱɢɜɨɦɭ ɪɚɜɧɨɜɟɫɢɸ, ɢɡɦɟɪɹɸɬ ɭɝɨɥ φ ɤɪɟɧɚ ɟɝɨ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ 
ɦɚɫɫ, ɫ ɭɱɟɬɨɦ ɢɡɦɟɪɟɧɧɨɣ ɜɟɥɢɱɢɧɵ ɭɝɥɚ φ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ 
ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɨɩɪɟɞɟɥɹɸɬ ɭɝɨɥ ߙɫу ɟɝɨ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ. 
ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ 
ɢɫɩɵɬɚɧɢɢ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɬɩɚɞɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢ ɫɥɨɠɧɵɯ 
ɫɬɟɧɞɨɜ ɫ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɨɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɧɢɠɚɸɬɫɹ 
ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ. 
ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ ɫɩɨɫɨɛɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ, 
ɤɢɧɟɦɚɬɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɝɨ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɭɯ 
ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɫɬɪɨɩ  ɫ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɱɚɫɬɶɸ ɢɫɩɵɬɭɟɦɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ, ɞɥɹ ɩɨɞɴɟɦɚ ɤɨɥɟɫ ɨɞɧɨɣ ɟɝɨ ɫɬɨɪɨɧɵ ɨɬ ɧɟɩɨɞɜɢɠɧɨɣ 
ɩɥɨɳɚɞɤɢ ɢ ɫɨɡɞɚɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ 
ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɢ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ 
ɩɪɨɤɚɬɵɜɚɧɢɹ ɩɨ ɢɧɟɪɰɢɢ ɩɨɞɤɚɬɧɨɣ ɩɥɨɳɚɞɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ  ɩɨɥɨɠɟɧɢɟ 
ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɛɥɢɡɤɨɟ ɤ ɧɟɭɫɬɨɣɱɢɜɨɦɭ ɪɚɜɧɨɜɟɫɢɸ, ɜ ɤɨɬɨɪɨɦ 
ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɥɚɬɮɨɪɦɟɧɧɵɟ ɜɟɫɵ ɩɪɢɯɨɞɢɬɫɹ ɦɚɫɫɚ ɢɫɩɵɬɭɟɦɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ, ɛɥɢɡɤɚɹ ɤ ɟɝɨ ɩɨɥɧɨɣ ɦɚɫɫɟ. ȼ ɬɚɤɨɦ ɩɨɥɨɠɟɧɢɢ ɢɫɩɵɬɭɟɦɨɝɨ 
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ɚɜɬɨɦɨɛɢɥɹ, ɛɥɢɡɤɨɦ ɤ ɧɟɭɫɬɨɣɱɢɜɨɦɭ ɪɚɜɧɨɜɟɫɢɸ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɛɨɥɟɟ 
ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ φ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ, ɱɟɦ ɜ 
ɦɟɬɨɞɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜ [6]. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɬɨɝɨ, ɱɬɨ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ, ɜ ɦɨɦɟɧɬ ɢɡɦɟɪɟɧɢɣ ɜɫɹ ɦɚɫɫɚ 
ɚɜɬɨɦɨɛɢɥɹ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɨɞɧɭ ɟɝɨ ɫɬɨɪɨɧɭ,  ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɞɟɮɨɪɦɚɰɢɹ ɩɨɞɜɟɫɤɢ ɢ ɲɢɧ ɛɭɞɭɬ ɬɚɤɢɦɢ ɠɟ,  ɤɚɤ ɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɦɟɬɨɞɚ, ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɝɨ ȽɈɋɌ 31507-2012, ɱɬɨ ɞɨɤɚɡɵɜɚɟɬ 
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɦɭ ȽɈɋɌ 
31507-2012. 
 
2.3 ȼɚɪɢɚɧɬɵ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
 
ȼ ɩɟɪɜɨɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɢɫɩɨɥɶɡɭɸɬ ɞɜɭɯɫɬɨɟɱɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɩɨɞɴɟɦɧɢɤ  (ɪɢɫɭɧɤɢ 2.1 ɢ 2.2).  
Ɍɚɤɠɟ ɜ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɧɰɵ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɭɯ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɫɬɪɨɩ, 
ɩɪɨɛɪɨɲɟɧɧɵɯ ɩɨɞ ɞɧɢɳɟɦ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɨɛɯɜɚɬɵɜɚɸɳɢɯ ɷɥɟɦɟɧɬɵ ɩɨɞɜɟɫɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɥɟɫ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɥɚɬɮɨɪɦɟɧɧɵɯ ɜɟɫɚɯ ɩɨɞɤɚɬɧɨɣ ɩɥɨɳɚɞɤɢ, ɫ ɧɚɬɹɝɨɦ ɤɪɟɩɹɬ ɤ ɤɨɧɰɚɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɥɚɩ ɨɞɧɨɣ ɢɡ ɫɬɨɟɤ ɞɜɭɯɫɬɨɟɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 
ɩɨɞɴɟɦɧɢɤɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɨɳɚɞɤɢ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɤɪɚɣɧɟɣ 
ɦɟɪɟ ɞɜɚ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɚ, ɩɪɨɛɪɨɲɟɧɧɵɯ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɥɚɩ 
ɨɞɧɨɣ ɢɡ ɫɬɨɟɤ ɞɜɭɯɫɬɨɟɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ ɱɟɪɟɡ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɚɯɨɜɨɱɧɵɟ ɛɥɨɤɢ, ɤɪɟɩɹɬ ɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɥɟɫɚ 
ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɤɚɬɵɜɚɧɢɹ ɩɨ ɢɧɟɪɰɢɢ ɩɨɞɤɚɬɧɨɣ ɩɥɨɳɚɞɤɢ ɩɨ 
ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɚ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɚ, ɩɪɨɛɪɨɲɟɧɧɵɯ ɨɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɥɚɩ ɞɪɭɝɨɣ ɫɬɨɣɤɢ ɞɜɭɯɫɬɨɟɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 
ɩɨɞɴɟɦɧɢɤɚ  ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɚɯɨɜɨɱɧɵɟ ɛɥɨɤɢ, ɤɪɟɩɹɬ ɧɚ 
ɛɨɤɨɜɨɣ ɫɬɨɪɨɧɟ ɩɨɞɤɚɬɧɨɣ ɩɥɨɳɚɞɤɢ. 
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1, 2 – ɋɬɨɣɤɢ ɩɨɞɴɟɦɧɢɤɚ; 31, 32, 41, 42 – Ʌɚɩɵ ɩɨɞɴɟɦɧɢɤɚ; 51, 52, 53, 54, 121, 122, 
123, 124  - Ȼɥɨɤɢ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ; 6 – ɇɟɩɨɞɜɢɠɧɚɹ ɩɥɨɳɚɞɤɚ; 7 – ɉɨɞɤɚɬɧɚɹ 
ɩɥɨɳɚɞɤɚ; 8 – ɂɫɩɵɬɭɟɦɨɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ; 91, 92, 101, 102 – ɋɬɪɚɯɨɜɨɱɧɵɟ ɤɚɧɚɬɵ; 
111, 112 – ɋɬɪɨɩɚ; 131, 132 – Ɋɟɥɶɫɵ. 
 
Ɋɢɫɭɧɨɤ 2.1 – ɋɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 
 
 
 
Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɩɟɪɜɨɝɨ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɜɢɞ ɫɜɟɪɯɭ) 
 
111, 112 
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ȼɨ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɦɨɧɬɢɪɭɸɬ ɩɨɞɤɚɬɧɭɸ ɢ ɧɟɩɨɞɜɢɠɧɭɸ ɩɥɨɳɚɞɤɢ ɫɧɚɪɭɠɢ ɨɞɧɨɣ ɢɡ ɫɬɨɟɤ 
ɞɜɭɯɫɬɨɟɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ. 
ȼ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɧɰɵ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɭɯ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɫɬɪɨɩ, 
ɩɪɨɛɪɨɲɟɧɧɵɯ ɩɨɞ ɞɧɢɳɟɦ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɨɛɯɜɚɬɵɜɚɸɳɢɯ ɷɥɟɦɟɧɬɵ ɩɨɞɜɟɫɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɥɟɫ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɫ ɧɚɬɹɝɨɦ ɤɪɟɩɹɬ ɤ 
ɤɨɧɰɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɥɚɩ ɢɫɩɨɥɶɡɭɟɦɨɣ ɫɬɨɣɤɢ ɞɜɭɯɫɬɨɟɱɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɨɳɚɞɤɢ  
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɤɪɚɣɧɟɣ 
ɦɟɪɟ ɞɜɚ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɚ, ɩɪɨɛɪɨɲɟɧɧɵɯ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɥɚɩ 
ɢɫɩɨɥɶɡɭɟɦɨɣ ɫɬɨɣɤɢ ɞɜɭɯɫɬɨɟɱɧɨɝɨ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ ɱɟɪɟɡ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɚɯɨɜɨɱɧɵɟ ɛɥɨɤɢ, ɤɪɟɩɹɬ ɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɥɟɫɚ 
ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɤɚɬɵɜɚɧɢɹ ɩɨ ɢɧɟɪɰɢɢ ɩɨɞɤɚɬɧɨɣ ɩɥɨɳɚɞɤɢ ɩɨ 
ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɚ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɚ, ɩɪɨɛɪɨɲɟɧɧɵɯ ɱɟɪɟɡ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɚɯɨɜɨɱɧɵɟ ɛɥɨɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɩɨɥɭ c 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɤɪɟɩɹɬ ɧɚ ɛɨɤɨɜɨɣ 
ɫɬɨɪɨɧɟ ɩɨɞɤɚɬɧɨɣ ɩɥɨɳɚɞɤɢ. ɋɯɟɦɵ ɜɬɨɪɨɝɨ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2.3 ɢ 2.4. 
 
 
 
Ɋɢɫɭɧɨɤ 2.3 – ɋɯɟɦɚ ɜɬɨɪɨɝɨ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɜɢɞ ɫɩɟɪɟɞɢ) 
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Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɜɬɨɪɨɝɨ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɜɢɞ ɫɜɟɪɯɭ) 
 
 
ȼ ɬɪɟɬɶɟɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɢɫɩɵɬɭɟɦɨɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɨɞɧɨɣ ɫɬɨɪɨɧɨɣ ɧɚ 
ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɟ, ɚ ɞɪɭɝɨɣ ɫɬɨɪɨɧɨɣ ɧɚ ɩɨɞɤɚɬɧɵɯ ɩɥɨɳɚɞɤɚɯ, 
ɨɫɧɚɳɟɧɧɵɯ ɩɥɚɬɮɨɪɦɟɧɧɵɦ ɜɟɫɚɦɢ, ɩɟɪɟɞ ɞɜɭɯɫɬɨɟɱɧɵɦ ɚɜɬɨɦɨɛɢɥɶɧɵɦ 
ɩɨɞɴɟɦɧɢɤɨɦ ɩɨɩɟɪɟɤ ɟɝɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ.  
ȼ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɧɰɵ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɭɯ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɫɬɪɨɩ, 
ɩɪɨɛɪɨɲɟɧɧɵɯ ɩɨɞ ɞɧɢɳɟɦ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɨɛɯɜɚɬɵɜɚɸɳɢɯ ɷɥɟɦɟɧɬɵ ɩɨɞɜɟɫɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɥɟɫ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɫ ɧɚɬɹɝɨɦ ɤɪɟɩɹɬ ɤ 
ɤɨɧɰɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɥɚɩ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɬɨɟɤ ɞɜɭɯɫɬɨɟɱɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ ɫɨ ɫɬɨɪɨɧɵ ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɫɩɨɫɨɛɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɨɩɪɨɤɢɞɵɜɚɧɢɹ 
ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɚ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɚ, 
ɩɪɨɛɪɨɲɟɧɧɵɯ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɥɚɩ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɬɨɟɤ ɞɜɭɯɫɬɨɟɱɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɚɯɨɜɨɱɧɵɟ ɛɥɨɤɢ, 
ɤɪɟɩɹɬ ɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɥɟɫɚ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, 
ɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɤɚɬɵɜɚɧɢɹ ɩɨ ɢɧɟɪɰɢɢ 
ɩɨɞɤɚɬɧɵɯ ɩɥɨɳɚɞɨɤ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɞɜɚ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɚ, 
ɩɪɨɛɪɨɲɟɧɧɵɯ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɪɚɯɨɜɨɱɧɵɟ ɛɥɨɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ 
ɧɚ ɩɨɥɭ cɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɤɪɟɩɹɬ ɧɚ 
ɛɨɤɨɜɨɣ ɫɬɨɪɨɧɟ ɩɨɞɤɚɬɧɵɯ ɩɥɨɳɚɞɨɤ. ɋɯɟɦɵ ɬɪɟɬɶɟɝɨ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 2.5 ɢ 2.6. 
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1, 2 – ɋɬɨɣɤɢ ɩɨɞɴɟɦɧɢɤɚ; 31, 32, 41, 42 – Ʌɚɩɵ ɩɨɞɴɟɦɧɢɤɚ; 51, 52, 53, 54, 121, 122, 
123, 124   – Ȼɥɨɤɢ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ; 6 – ɇɟɩɨɞɜɢɠɧɚɹ ɩɥɨɳɚɞɤɚ; 71, 72 – Ⱥɩɩɚɪɟɥɢ;  
8 – ɂɫɩɵɬɭɟɦɨɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ; 91, 92, 101, 102 – ɋɬɪɚɯɨɜɨɱɧɵɟ ɤɚɧɚɬɵ;  
111, 112 – ɋɬɪɨɩɚ; 131, 132 –ɉɥɚɬɮɨɪɦɵ ɫ ɜɟɫɚɦɢ. 
 
Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɬɪɟɬɶɟɝɨ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɜɢɞ ɫɩɟɪɟɞɢ) 
 
 Ɋɢɫɭɧɨɤ 2.6 – ɋɯɟɦɚ ɬɪɟɬɶɟɝɨ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ (ɜɢɞ ɫɜɟɪɯɭ) 
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2.4 Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɚɫɱɟɬɵ 
 
Ʉɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɚɫɱɟɬɵ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧɞɚ ɢ ɨɫɧɚɫɬɤɢ 
ɩɪɨɜɨɞɢɦ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɫɩɨɫɨɛɚ ɢɫɩɵɬɚɧɢɣ.  
ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɞɥɹ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ 
ɪɚɫɱɟɬɨɜ ɛɭɞɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɝɪɚɮɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɦɟɬɨɞ. ɋɭɬɶ ɟɝɨ ɜ 
ɫɥɟɞɭɸɳɟɦ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɩɨɥɨɠɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɬɟɧɞɚ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬɵ, ɜɵɱɟɪɱɢɜɚɸɬɫɹ ɜ ɦɚɫɲɬɚɛɟ, ɢɫɯɨɞɹ 
ɢɡ ɢɡɜɟɫɬɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɟɧɞɚ ɢ ɩɪɢɧɹɬɵɯ ɝɚɛɚɪɢɬɨɜ 
ɢɫɩɵɬɭɟɦɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. Ⱦɚɥɟɟ ɫ ɱɟɪɬɟɠɚ ɛɟɪɭɬɫɹ ɧɭɠɧɵɟ ɞɥɹ 
ɪɚɫɱɟɬɨɜ ɜɟɥɢɱɢɧɵ. 
 
2.4.1 Ɋɚɫɱɟɬ ɨɫɟɣ ɤɨɥɟɫ ɩɥɚɬɮɨɪɦ ɧɚ ɫɪɟɡ 
 
ɉɪɢɦɟɦ, ɱɬɨ ɞɨɩɭɫɬɢɦɚɹ ɦɚɫɫɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ 
ɩɪɨɯɨɞɢɬɶ ɢɫɩɵɬɚɧɢɹ ɧɚ ɞɚɧɧɨɦ ɫɬɟɧɞɟ – 2000 ɤɝ. Ɇɚɫɫɭ ɤɚɠɞɨɣ ɩɥɚɬɮɨɪɦɵ 
ɩɪɢɦɟɦ ɪɚɜɧɨɣ 50 ɤɝ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ, ɜ ɦɨɦɟɧɬ ɞɨɫɬɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɟɦ 
ɩɨɥɨɠɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɧɚ ɨɫɢ ɤɨɥɟɫ ɩɥɚɬɮɨɪɦɵ ɛɭɞɟɬ 
ɞɟɣɫɬɜɨɜɚɬɶ ɫɢɥɚ, ɪɚɜɧɚɹ 20580 ɇ. ɉɪɢɦɟɦ, ɱɬɨ 2/3 ɦɚɫɫɵ ɚɜɬɨɦɨɛɢɥɹ 
ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɩɟɪɟɞɧɸɸ ɩɥɚɬɮɨɪɦɭ, ɬɨ ɟɫɬɶ ɨɧɚ ɧɟɫɟɬ ɧɚɝɪɭɡɤɭ, ɪɚɜɧɭɸ 
13720 ɇ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 1/3 ɦɚɫɫɵ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɡɚɞɧɸɸ 
ɩɥɚɬɮɨɪɦɭ, ɬɨ ɟɫɬɶ ɨɧɚ ɧɟɫɟɬ ɧɚɝɪɭɡɤɭ, ɪɚɜɧɭɸ 6860 ɇ. Ƚɚɛɚɪɢɬɵ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɞɥɹ ɪɚɫɱɟɬɨɜ ɩɪɢɦɟɦ ɪɚɜɧɵɦɢ ɝɚɛɚɪɢɬɚɦ ɚɜɬɨɦɨɛɢɥɹ 
Toyota-Hilux. Ɋɚɫɱɟɬ ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɞɥɹ ɩɟɪɟɞɧɟɣ ɩɥɚɬɮɨɪɦɵ. ɉɥɚɬɮɨɪɦɚ 
ɢɦɟɟɬ 4 ɤɨɥɟɫɚ, ɚ ɡɧɚɱɢɬ ɤɚɠɞɚɹ ɨɫɶ ɢɫɩɵɬɵɜɚɟɬ ɧɚɝɪɭɡɤɭ F =  1715 ɇ. Ɍɨɝɞɚ 
ɤɚɠɞɚɹ ɨɫɶ ɞɢɚɦɟɬɪɨɦ  D ɢɫɩɵɬɵɜɚɟɬ ɫɪɟɡ ɩɨ ɞɜɭɦ ɩɥɨɫɤɨɫɬɹɦ, ɤɚɠɞɚɹ ɢɡ 
ɤɨɬɨɪɵɯ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɫɢ (ɪɢɫɭɧɨɤ 2.7), ɦ2: 
 А˔˓ = ଶ𝜋஽మସ = 𝜋஽మଶ .             (2.2) 
 
ɝɞɟ  D – ɞɢɚɦɟɬɪ ɨɫɢ, ɦ.[29] 
 
 
 
Ɋɢɫɭɧɨɤ 2.7 – ɋɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɨɫɢ ɤɨɥɟɫɚ ɩɥɚɬɮɨɪɦɵ  
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ɂɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɪɟɡ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ [29]: 
 𝜏˔˓ = ொА˔˓,              (2.3) 
 
ɝɞɟ ܳ = ܨ– ɫɢɥɚ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɣ ɨɫɶ ɛɥɨɤɚ ɢɫɩɵɬɵɜɚɟɬ ɫɪɟɡ. 
 
Ɉɬɫɸɞɚ: 
 𝜏˔˓ = ଶி𝜋஽మ.              (2.4) 
 
ɉɨ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ: 𝜏˔˓ ൑ [𝜏˔˓]. Ⱦɥɹ ɋɬɚɥɢ 45 [𝜏˔˓] = ͺͷ ʛ˒˃, 
ɫɨɝɥɚɫɧɨ [30]. Ɍɨɝɞɚ Dɢɡ ɮɨɪɦɭɥɵ (2.4) ɛɭɞɟɬ: 
 ܦ = √ ଶி𝜋[𝜏˔˓] = √ ଶ∙ଵ଻ଵହଷ,ଵସ∙଼ହ∙ଵ଴6 = Ͳ,ͲͲ͵͸ ˏ = ͵͸ ˏˏ. 
 
ɉɪɢɧɢɦɚɟɦ D= 5 ɦɦ. 
 
2.4.2 ɉɨɞɛɨɪ ɲɢɪɢɧɵ ɫɬɪɨɩ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɨɩɪɨɤɢɞɵɜɚɧɢɹ 
 
Ɍɚɤ ɤɚɤ ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɬɟɦ 
ɩɨɞɧɹɬɢɹ ɨɞɧɨɣ ɟɝɨ ɫɬɨɪɨɧɵ, ɬɨ ɧɚ ɫɬɪɨɩɵ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɧɚɝɪɭɡɤɚ ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɬ ɨɩɨɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɚ ɧɚɝɪɭɡɤɚ ɛɭɞɟɬ ɪɚɜɧɚ ɩɨɥɨɜɢɧɟ ɦɚɫɫɵ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɨ ɦɟɪɟ ɩɨɞɴɟɦɚ ɷɬɚ ɧɚɝɪɭɡɤɚ ɛɭɞɟɬ ɭɦɟɧɶɲɚɬɶɫɹ 
ɢɡ-ɡɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɫɫɵ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɥɧɨɣ 
ɦɚɫɫɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 2000 ɤɝ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɛɭɞɟɬ 
ɪɚɜɧɹɬɶɫɹ 1000 ɤɝ. ɉɪɢ ɷɬɨɦ ɩɨɞɴɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ ɥɚɩɚɦɢ 
ɩɨɞɴɟɦɧɢɤɚ ɩɨɫɪɟɞɫɬɜɨɦ ɞɜɭɯ ɨɬɞɟɥɶɧɵɯ ɫɬɪɨɩ, ɚ ɡɧɚɱɢɬ ɧɚ ɤɚɠɞɭɸ  
ɫɬɪɨɩɭ ɛɭɞɟɬ ɩɪɢɯɨɞɢɬɶɫɹ ɧɚɝɪɭɡɤɚ 0,5ɬ. Ⱦɥɹ ɬɚɤɨɣ ɧɚɝɪɭɡɤɢ ɜɩɨɥɧɟ 
ɩɨɞɨɣɞɟɬ ɫɬɪɨɩɚ ɩɥɨɫɤɨɝɨ ɫɟɱɟɧɢɹ ɲɢɪɢɧɨɣ 30 ɦɦ., ɪɚɫɫɱɢɬɚɧɧɚɹ ɧɚ 
ɧɚɝɪɭɡɤɭ 1 ɬ. Ɉɞɧɚɤɨ, ɱɬɨɛɵ ɜ ɩɪɨɰɟɫɫɟ ɩɨɞɴɟɦɚ ɢɡɛɟɠɚɬɶ ɫɦɹɬɢɹ ɱɚɫɬɟɣ 
ɤɭɡɨɜɚ, ɧɭɠɧɨ ɭɜɟɥɢɱɢɬɶ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɫɬɪɨɩɵ ɫ ɩɨɪɨɝɨɦ.  
ɉɨɷɬɨɦɭ ɜɵɛɢɪɚɟɦ ɫɬɪɨɩɵ ɲɢɪɢɧɨɣ 60 ɦɦ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚ 
ɧɚɝɪɭɡɤɭ 2 ɬ, ɞɥɢɧɨɣ 5 ɦ. Ⱦɥɹ ɭɞɨɛɧɨɫɬɢ ɤɪɟɩɥɟɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫ 
ɧɢɦɢ ɫɩɟɰɢɚɥɶɧɨɟ ɧɚɬɹɠɧɨɟ ɭɫɬɪɨɣɫɬɜɨ.    
 
2.4.3 Ɋɚɫɱɟɬ ɨɫɟɣ ɛɥɨɤɨɜ, ɧɚ ɫɪɟɡ 
 
Ȼɥɨɤɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɫɬɪɚɯɨɜɤɢ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɨɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɨɩɪɨɤɢɞɵɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɩɪɨɤɚɬɵɜɚɧɢɹ ɩɨɞɜɢɠɧɵɯ ɩɥɚɬɮɨɪɦ.  
33 
 
 
2.4.3.1 Ɋɚɫɱɟɬ ɨɫɟɣ ɛɥɨɤɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɢɫɬɟɦɟ, 
ɩɪɟɞɨɬɜɪɚɳɚɸɳɟɣ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɚɜɬɨɦɨɛɢɥɹ 
 
Ɉɩɪɨɤɢɞɵɜɚɸɳɚɹ ɫɢɥɚ ɛɭɞɟɬ ɜɨɡɧɢɤɚɬɶ ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɬɪɚɧɫɩɨɪɬɧɨɟ 
ɫɪɟɞɫɬɜɨ ɩɟɪɟɣɞɟɬ ɩɨɥɨɠɟɧɢɟ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ȼ ɫɚɦɨɦ ɧɚɱɚɥɟ ɨɧɚ 
ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɚ, ɢ ɩɨ ɦɟɪɟ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɨɧɚ 
ɛɭɞɟɬ ɪɚɫɬɢ. Ɉɞɧɚɤɨ, ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɚɜɬɨɦɨɛɢɥɶ ɛɭɞɟɬ ɫɬɨɹɬɶ ɧɚ 
ɩɥɚɬɮɨɪɦɚɯ, ɨɫɧɚɳɟɧɧɵɯ ɜɟɫɚɦɢ, ɨ ɩɪɨɯɨɠɞɟɧɢɢ ɢɦ ɩɨɥɨɠɟɧɢɹ 
ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɪɚɡɭ ɫɬɚɧɟɬ ɢɡɜɟɫɬɧɨ, ɬɚɤ ɤɚɤ ɜɟɫɵ ɩɨɤɚɠɭɬ ɟɝɨ 
ɦɚɫɫɭ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɞɚɧɧɨɝɨ 
ɫɬɟɧɞɚ ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ ɪɚɫɫɱɢɬɚɬɶ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ 
ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɩɪɨɯɨɠɞɟɧɢɢ ɚɜɬɨɦɨɛɢɥɟɦ 
ɩɨɥɨɠɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ (ɪɢɫɭɧɨɤ2.8). 
 
 Ɉ – ɰɟɧɬɪ ɦɚɫɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ; 11, 12 , 21, 22 – ɛɥɨɤɢ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ. 
 
Ɋɢɫɭɧɨɤ 2.8 – ɋɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɛɥɨɤɨɜ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ 
 
ɂɡ ɪɢɫɭɧɤɚ 2.8 ɜɢɞɧɨ, ɱɬɨ ɨɩɪɨɤɢɞɵɜɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɬɚɤɨɦ 
ɩɨɥɨɠɟɧɢɢ, ɫɨɝɥɚɫɧɨ [31], ɛɭɞɟɬ ɪɚɜɟɧ, ɇ∙ɦ: 
 ܯˑ˒˓ = ܩ ∙ 𝑙,             (2.5) 
 
ɝɞɟ ܩ – ɜɟɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɪɚɜɟɧ 19600 ɇ. 𝑙 – ɩɥɟɱɨ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɫɢɥɵ, ɦ. 
 
ȼɟɥɢɱɢɧɭ 𝑙 ɧɚɣɞɟɦ ɢɡ ɪɢɫɭɧɤɚ 2.8, ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ ɦɚɫɲɬɚɛɟ 1:50, ɬɨ 
ɟɫɬɶ 𝑙 = Ͳ,Ͳ͸͸ͺͳ ˏ. 
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Ɍɨɝɞɚ ɨɩɪɨɤɢɞɵɜɚɸɳɢɣ ɦɨɦɟɧɬ ɩɨ ɮɨɪɦɭɥɟ (2.5) ɛɭɞɟɬ ɪɚɜɟɧ 
 ܯˑ˒˓ = ͳͻ͸ͲͲ ∙ Ͳ,Ͳ͸͸ͺͳ =  ͳ͵Ͳͻ,ͷ ʜ ∙ ˏ. 
 
ɋɢɥɚ, ɭɞɟɪɠɢɜɚɸɳɚɹ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɨɬ ɨɩɪɨɤɢɞɵɜɚɧɢɹ, 
ɨɛɪɚɡɭɟɬ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɧɢɸ, ɪɚɜɧɵɣ ɨɩɪɨɤɢɞɵɜɚɸɳɟɦɭ 
ɦɨɦɟɧɬɭ, ɧɨ ɧɚɩɪɚɜɥɟɧɧɵɣ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɫɬɨɪɨɧɭ. ɂɡ ɪɢɫɭɧɤɚ 2.8 
ɜɢɞɧɨ, ɱɬɨ ɷɬɨɬ ɦɨɦɟɧɬ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 ܯ˔ˑ˒˓ = ܯˑ˒˓ = ܨ ∙ 𝑙′.            (2.6) 
 
ɝɞɟ  ܨ – ɫɢɥɚ, ɫɨɡɞɚɸɳɚɹ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɧɢɸ, ɇ, 𝑙′ – ɩɥɟɱɨ ɫɢɥɵ F, ɦ. 
 
ȼɟɥɢɱɢɧɭ 𝑙′ ɧɚɣɞɟɦ ɢɡ ɪɢɫɭɧɤɚ 2.8, ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ ɦɚɫɲɬɚɛɟ 1:50, ɬɨ 
ɟɫɬɶ 𝑙′ = Ͳ,ͻ͸Ͷͷ ˏ. 
 
 
ɉɪɟɨɛɪɚɡɭɹ ɜɵɪɚɠɟɧɢɟ (2.6), ɩɨɥɭɱɚɟɦ: 
 ܨ = 𝑀ˑ˒˓𝑙′ .              (2.7) 
 
ɂɡ ɜɵɪɚɠɟɧɢɹ (2.7) ɧɚɯɨɞɢɦ: 
 ܨ = ଵଷ଴ଽ,ହ଴,ଽ଺ସହ = ͳ͵ͷ͹,͹ ʜ. 
 
ɋɬɪɚɯɨɜɨɱɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪ ɛɥɨɤɨɜ, ɚ 
ɡɧɚɱɢɬ ɧɚ ɤɚɠɞɭɸ ɩɚɪɭ ɛɥɨɤɨɜ ɛɭɞɟɬ ɩɪɢɯɨɞɢɬɶɫɹ ɧɚɝɪɭɡɤɚ, ɪɚɜɧɚɹ 
ɩɨɥɨɜɢɧɟ ɫɢɥɟ ܨ . ɋɥɨɠɢɜ ɜɟɤɬɨɪɧɨ ɫɢɥɵ ܨ  ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɛɥɨɤɚ 
ɨɬɞɟɥɶɧɨ (ɪɢɫɭɧɨɤ 2.8), ɩɨɥɭɱɢɦ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ܲ ɢ ܲ′.  
Ⱦɥɹ ɛɥɨɤɨɜ 11, 12, ɇ: 
 ܲ = ʹ ∙ ிଶ ∙ cos ቀ௔ଶቁ,            (2.8) 
 
ɝɞɟ ܽ  – ɭɝɨɥ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɫɬɪɚɯɨɜɨɱɧɨɝɨ ɤɚɧɚɬɚ ɜ ɦɟɫɬɟ, ɝɞɟ ɨɧ 
ɩɪɨɛɪɚɫɵɜɚɟɬɫɹ ɱɟɪɟɡ ɩɟɪɜɵɣ ɛɥɨɤ. ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.8, ɪɚɜɟɧ 17˚ . 
 
Ⱦɥɹ ɛɥɨɤɨɜ 21, 22, ɇ: 
 ܲ′ = ʹ ∙ ிଶ ∙ ܿ݋ ݏ ቀఋଶቁ,            (2.9) 
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ɝɞɟ ߚ  – ɭɝɨɥ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɫɬɪɚɯɨɜɨɱɧɨɝɨ ɤɚɧɚɬɚ ɜ ɦɟɫɬɟ, ɝɞɟ ɨɧ 
ɩɪɨɛɪɚɫɵɜɚɟɬɫɹ ɱɟɪɟɡ ɜɬɨɪɨɣ ɛɥɨɤ. ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.8, ɪɚɜɟɧ 14˚. 
 
Ɉɬɫɸɞɚ ɩɨ ɮɨɪɦɭɥɟ (2.9): 
 ଵܲ = ଶܲ = ʹ ∙ ଵଷହ଻,଻ଶ ∙ cos ሺଵ଻ଶ ሻ ≈ ͳ͵Ͷʹ,ͺ ʜ. 
 
Ɍɚɤ ɠɟ ɩɨ ɮɨɪɦɭɥɟ (2.9): 
 ଵܲ′ = ଶܲ′ = ʹ ∙ ଵଷହ଻,଻ଶ ∙ cos ሺଵସଶ ሻ ≈ ͳ͵Ͷ͹,͸ ʜ. 
 
Ɍɨɝɞɚ ɨɫɶ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɫɩɵɬɵɜɚɟɬ ɫɪɟɡ ɩɨ ɞɜɭɦ ɩɥɨɫɤɨɫɬɹɦ, ɤɚɠɞɚɹ 
ɢɡ ɤɨɬɨɪɵɯ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɫɢ (ɪɢɫɭɧɨɤ3.7): 
 А˔˓ = ଶ𝜋஽మସ = 𝜋஽మଶ .           (2.10) 
 
ɝɞɟ ܦ – ɞɢɚɦɟɬɪ ɨɫɢ ɛɥɨɤɚ, ɦ. 
 
 
 
Ɋɢɫɭɧɨɤ 2.9 – ɋɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɨɫɢ ɛɥɨɤɚ   
 
ɂɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɪɟɡ, ɫɨɝɥɚɫɧɨ [29]: 
 𝜏˔˓ = ொА˔˓ ൑ [𝜏˔˓],           (2.11) 
 
ɝɞɟ  ܳ = ܲሺܲ′ሻ, – ɫɢɥɚ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɣ ɨɫɶ ɛɥɨɤɚ ɢɫɩɵɬɵɜɚɟɬ ɫɪɟɡ, ɇ, 𝜏˔˓ – ɧɚɩɪɹɠɟɧɢɟ, ɜɨɡɧɢɤɚɸɳɟɟ ɩɪɢ ɫɪɟɡɟ, Ɇɉɚ, [𝜏˔˓] – ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ ɫɪɟɡɟ.  
P(P’) 
36 
 
 
Ɉɬɫɸɞɚ: 
 𝜏˔˓ = ଶ∙௉𝜋∙஽మ.            (2.12) 
 
ɉɨ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ: 𝜏˔˓ ൑ [𝜏˔˓] . Ⱦɥɹ ɋɬɚɥɢ 45 [𝜏˔˓] = ͺͷ ʛ˒˃ , 
ɫɨɝɥɚɫɧɨ [30].  Ɍɨɝɞɚɞɥɹ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɡ ɩɚɪɵ 11, 12Dɢɡ ɮɨɪɦɭɥɵ (2.12) 
ɛɭɞɟɬ, ɦ: 
 ܦ = √ ଶ∙௉𝜋∙[𝜏˔˓].           (2.13) 
 
Ɍɨɝɞɚ  
 ܦ = √ ଶ∙ଵଷସଶ,଼ଷ,ଵସ∙଼ହ∙ଵ଴6 = Ͳ,ͲͲ͵ͳ ˏ = ͵,ͳ ˏˏ. 
 
ɉɪɢɧɢɦɚɟɦ ɞɥɹ ɨɫɢ ɛɥɨɤɨɜ 11, 12D= 5 ɦɦ. 
ɂɡ ɮɨɪɦɭɥɵ (2.12), ɞɥɹ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɡ ɩɚɪɵ 21, 22, ɦ: 
 ܦ = √ ଶ∙௉′𝜋∙[𝜏˔˓].           (2.14) 
 
Ɍɨɝɞɚ  
 ܦ = √ ଶ∙ଵଷସ଻,଺ ଷ,ଵସ∙଼ହ∙ଵ଴6 = Ͳ,ͲͲ͵ʹ ˏ = ͵,ʹ ˏˏ. 
 
ɉɪɢɧɢɦɚɟɦ ɞɥɹ ɨɫɢ ɛɥɨɤɨɜ 21, 22D= 5 ɦɦ. 
 
2.4.3.2 Ɋɚɫɱɟɬ ɨɫɟɣ ɛɥɨɤɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɢɫɬɟɦɟ, 
ɩɪɟɞɨɬɜɪɚɳɚɸɳɟɣ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɩɪɨɤɚɬɵɜɚɧɢɟ ɩɥɚɬɮɨɪɦ 
 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɢɥɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɜɨ ɜɫɟɯ ɷɥɟɦɟɧɬɚɯ ɩɥɚɬɮɨɪɦɵ, 
ɛɭɞɭɬ ɜɨɡɧɢɤɚɬɶ ɜ ɫɚɦɵɣ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɩɨɞɴɟɦɚ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ɉɨ ɦɟɪɟ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
ɨɧɢ ɛɭɞɭɬ ɫɧɢɠɚɬɶɫɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɞɚɧɧɨɝɨ ɫɬɟɧɞɚ ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ ɪɚɫɫɱɢɬɚɬɶ ɧɚɝɪɭɡɤɢ, 
ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɟ ɢɦɟɧɧɨ ɜ ɷɬɨɬ ɦɨɦɟɧɬ (ɪɢɫɭɧɨɤ 
2.10).   
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11, 12 , 21, 22, 31, 32 – ɛɥɨɤɢ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ. 
 
Ɋɢɫɭɧɨɤ 2.10 – ɋɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɛɥɨɤɨɜ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ 
 
ɂɡ ɫɯɟɦɵ ɧɚ ɪɢɫɭɧɤɟ 2.10 ɜɢɞɧɨ, ɱɬɨ ɨɩɪɨɤɢɞɵɜɚɸɳɢɣ ɦɨɦɟɧɬ ɜ ɬɚɤɨɦ 
ɩɨɥɨɠɟɧɢɢ, ɫɨɝɥɚɫɧɨ [12], ɛɭɞɟɬ ɪɚɜɟɧ, ɇ∙ɦ: 
 ܯˑ˒˓ = ܨ ∙ 𝑙,           (2.15) 
 
ɝɞɟ ܨ – ɨɩɪɨɤɢɞɵɜɚɸɳɚɹ ɫɢɥɚ, ɇ. 𝑙 – ɩɥɟɱɨ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɫɢɥɵ, ɦ. 
 
ȼɟɥɢɱɢɧɭ 𝑙 ɧɚɣɞɟɦ ɢɡ ɪɢɫɭɧɤɚ 2.10, ɜɵɩɨɥɧɟɧɧɨɝɨ ɜ ɦɚɫɲɬɚɛɟ 1:50, ɬɨ 
ɟɫɬɶ 𝑙 = ͳ,ͺ͹ͷͷ ˏ. 
 
Ɉɩɪɨɤɢɞɵɜɚɸɳɭɸ ɫɢɥɭF , ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.10, ɧɚɣɞɟɦ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ, ɇ: 
 ܨ = ீଶ c୭s ௔ ,                                                       (2.16) 
 
ɝɞɟ  ܽ – ɭɝɨɥ ɩɪɢɥɨɠɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɫɢɥɵ F,ɢɡ ɪɢɫɭɧɤɚ 2.10 ɪɚɜɟɧ 
14°. 
 
Ɍɨɝɞɚ ɨɩɪɨɤɢɞɵɜɚɸɳɚɹ ɫɢɥɚ ɩɨ ɮɨɪɦɭɥɟ (2.16) ɛɭɞɟɬ ɪɚɜɧɚ, ɇ: 
 ܨ = ଵଽ଺଴଴ଶ∙଴,ଽ଻ =  ͳͲͳͲ͵,ͳ ʜ. 
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ɋɢɥɚ, ɩɪɨɤɚɬɵɜɚɸɳɚɹ ɩɥɚɬɮɨɪɦɵ ɢɡ ɪɢɫɭɧɤɚ 2.10 ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɩɨ 
ɮɨɪɦɭɥɟ, ɇ: 
 ܧ =  √ܨଶ − ሺଶீሻଶ ,          (2.17) 
 
ɬɨ ɟɫɬɶ 
 ܧ = √ͳͲͳͲ͵,ͳଶ − ሺଵଽ଺଴଴ଶ ሻଶ = ʹͶͷ͸,ͳͶ ʜ. 
 
ɂɡ ɪɢɫɭɧɤɚ 2.10 ɜɢɞɧɨ, ɱɬɨ ɫɢɥɚ, ɭɞɟɪɠɢɜɚɸɳɚɹ ɩɥɚɬɮɨɪɦɵ ɨɬ 
ɩɪɨɤɚɬɵɜɚɧɢɹ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɇ: 
 ܧ′ = ாc୭sሺఉሻ,            (2.18) 
 
 ɍɝɨɥ ߚ, ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.10, ɜɵɩɨɥɧɟɧɧɨɦɭ ɜ ɦɚɫɲɬɚɛɟ 1:50, ɪɚɜɟɧ 
8°. 
ɬɨ ɟɫɬɶ: 
 ܧ′ = ଶସହ଺,ଵସc୭s ሺ଼ሻ = ʹͶͺͲ,ʹ ʜ .      
 
ɋɬɪɚɯɨɜɨɱɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɫɢɫɬɟɦ ɛɥɨɤɨɜ, ɚ 
ɡɧɚɱɢɬ ɧɚ ɤɚɠɞɭɸ ɫɢɫɬɟɦɭ ɛɥɨɤɨɜ ɛɭɞɟɬ ɩɪɢɯɨɞɢɬɶɫɹ ɧɚɝɪɭɡɤɚ, ɪɚɜɧɚɹ 
ɩɨɥɨɜɢɧɟ ɫɢɥɟ ܧ′. ɋɥɨɠɢɜ ɜɟɤɬɨɪɧɨ ɫɢɥɵ ܧ′ ɞɥɹ ɩɟɪɜɨɝɨ, ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ  
ɛɥɨɤɨɜ ɜ ɤɚɠɞɨɣ ɫɢɫɬɟɦɟ ɨɬɞɟɥɶɧɨ (ɪɢɫɭɧɨɤ 2.10), ɩɨɥɭɱɢɦ 
ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɢɟ ɫɢɥɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ܲ , ܲ′ ɢ ܲ′′.  
Ⱦɥɹ ɛɥɨɤɨɜ 11, 12, ɇ: 
 ܲ′ = ʹ ∙ ா′ଶ ∙ cos ቀ∆ଶቁ,          (2.19) 
 
ɝɞɟ ∆  – ɭɝɨɥ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɫɬɪɚɯɨɜɨɱɧɨɝɨ ɤɚɧɚɬɚ ɜ ɦɟɫɬɟ, ɝɞɟ ɨɧ 
ɩɪɨɛɪɚɫɵɜɚɟɬɫɹ ɱɟɪɟɡ ɩɟɪɜɵɣ ɛɥɨɤ. ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.10,ɪɚɜɟɧ 90˚ . 
 
Ⱦɥɹ ɛɥɨɤɨɜ 21, 22, ɇ: 
 ܲ′′ = ʹ ∙ ா′ଶ ∙ ܿ݋ ݏ ቀఋଶቁ,          (2.20) 
 
ɝɞɟ ߜ  – ɭɝɨɥ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɫɬɪɚɯɨɜɨɱɧɨɝɨ ɤɚɧɚɬɚ ɜ ɦɟɫɬɟ, ɝɞɟ ɨɧ 
ɩɪɨɛɪɚɫɵɜɚɟɬɫɹ ɱɟɪɟɡ ɜɬɨɪɨɣ ɛɥɨɤ. ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.10, ɪɚɜɟɧ4˚. 
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Ⱦɥɹ ɛɥɨɤɨɜ 21, 22, ɇ: 
 ܲ = ʹ ∙ ா′ଶ ∙ ܿ݋ ݏ ቀఊଶቁ,          (2.21) 
 
ɝɞɟ ߛ  – ɭɝɨɥ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɫɬɪɚɯɨɜɨɱɧɨɝɨ ɤɚɧɚɬɚ ɜ ɦɟɫɬɟ, ɝɞɟ ɨɧ 
ɩɪɨɛɪɚɫɵɜɚɟɬɫɹ ɱɟɪɟɡ ɜɬɨɪɨɣ ɛɥɨɤ. ɋɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.10, ɪɚɜɟɧ8˚. 
 
Ɉɬɫɸɞɚ ɩɨ ɮɨɪɦɭɥɟ (2.21): 
 ଵܲ′ = ଶܲ′ = ʹ ∙ ଶସ଼଴,ଶଶ ∙ cos ሺଽ଴ଶ ሻ ≈ ͳ͹ͷ͵,ͺ ʜ. 
 
Ɍɚɤ ɠɟ ɩɨ ɮɨɪɦɭɥɟ (2.18): 
 ଵܲ′′ = ଶܲ′′ = ʹ ∙ ଶସ଼଴,ଶଶ ∙ cos ሺସଶሻ ≈ ʹͶ͹ͺ,͹ ʜ. 
 
Ɍɚɤ ɠɟ ɩɨ ɮɨɪɦɭɥɟ (2.19): 
 ଵܲ = ଶܲ = ʹ ∙ ଶସ଼଴,ଶଶ ∙ cos ሺଶ଼ሻ ≈ ʹͶ͹Ͷ,ʹ ʜ. 
 
 
Ɍɨɝɞɚ ɨɫɶ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɫɩɵɬɵɜɚɟɬ ɫɪɟɡ ɩɨ ɞɜɭɦ ɩɥɨɫɤɨɫɬɹɦ, ɤɚɠɞɚɹ 
ɢɡ ɤɨɬɨɪɵɯ ɪɚɜɧɚ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɨɫɢ (ɪɢɫɭɧɨɤ 2.11): 
 А˔˓ = ଶ𝜋஽మସ = 𝜋஽మଶ .           (2.22) 
 
ɝɞɟ  ܦ – ɞɢɚɦɟɬɪ ɨɫɢ ɛɥɨɤɚ, ɦ. 
 
 
 
Ɋɢɫɭɧɨɤ 2.11 – ɋɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɨɫɢ ɛɥɨɤɚ   
P(P’) 
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ɂɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɧɚ ɫɪɟɡ, ɫɨɝɥɚɫɧɨ [29]: 
 𝜏˔˓ = ொА˔˓ ൑ [𝜏˔˓],           (2.23) 
 
ɝɞɟ  ܳ = ܲሺܲ′ሻ, – ɫɢɥɚ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɣ ɨɫɶ ɛɥɨɤɚ ɢɫɩɵɬɵɜɚɟɬ ɫɪɟɡ, ɇ, 𝜏˔˓ – ɧɚɩɪɹɠɟɧɢɟ, ɜɨɡɧɢɤɚɸɳɟɟ ɩɪɢ ɫɪɟɡɟ, Ɇɉɚ, [𝜏˔˓] – ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ ɫɪɟɡɟ.  
 
Ɉɬɫɸɞɚ: 
 𝜏˔˓ = ଶ∙௉𝜋∙஽మ.            (2.24) 
 
ɉɨ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ: 𝜏˔˓ ൑ [𝜏˔˓] . Ⱦɥɹ ɋɬɚɥɢ 45 [𝜏˔˓] = ͺͷ ʛ˒˃ , 
ɫɨɝɥɚɫɧɨ [30].  Ɍɨɝɞɚɞɥɹ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɡ ɩɚɪɵ 11, 12Dɢɡ ɮɨɪɦɭɥɵ (2.24) 
ɛɭɞɟɬ, ɦ: 
 ܦ = √ ଶ∙௉′𝜋∙[𝜏˔˓].           (2.25) 
 
Ɍɨɝɞɚ  
 ܦ = √ ଶ∙ଵ଻ହଷ,଼ଷ,ଵସ∙଼ହ∙ଵ଴6 = Ͳ,ͲͲ͵͸ ˏ = ͵,ͺ ˏˏ. 
 
ɉɪɢɧɢɦɚɟɦ ɞɥɹ ɨɫɢ ɛɥɨɤɨɜ 11, 12D= 5 ɦɦ. 
ɂɡ ɮɨɪɦɭɥɵ (2.24), ɞɥɹ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɡ ɩɚɪɵ 21, 22, ɦ: 
 ܦ = √ ଶ∙௉′′𝜋∙[𝜏˔˓].         (2.26) 
 
Ɍɨɝɞɚ  
 ܦ = √ ଶ∙ଶସ଻ସ,ଶ ଷ,ଵସ∙଼ହ∙ଵ଴6 = Ͳ,ͲͲͶ͵ ˏ = Ͷ,͵ ˏˏ. 
 
ɉɪɢɧɢɦɚɟɦ ɞɥɹ ɨɫɢ ɛɥɨɤɨɜ 21, 22D= 5 ɦɦ. 
 
ɂɡ ɮɨɪɦɭɥɵ (2.26), ɞɥɹ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɢɡ ɩɚɪɵ 31, 32, ɦ: 
 ܦ = √ ଶ∙௉𝜋∙[𝜏˔˓].           (2.27) 
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Ɍɨɝɞɚ  
 ܦ = √ ଶ∙ଶସ଻ସ,ଶ ଷ,ଵସ∙଼ହ∙ଵ଴6 = Ͳ,ͲͲͶ͵ ˏ = Ͷ,͵ ˏˏ. 
 
ɉɪɢɧɢɦɚɟɦ ɞɥɹ ɨɫɢ ɛɥɨɤɨɜ 21, 22D= 5 ɦɦ. 
 
 
2.4.4 Ɋɚɫɱɟɬ ɞɢɚɦɟɬɪɨɜ ɮɭɧɞɚɦɟɧɬɧɵɯ ɚɧɤɟɪɧɵɯ ɲɩɢɥɟɤ ɞɥɹ 
ɤɪɟɩɥɟɧɢɹ ɤɪɨɧɲɬɟɣɧɨɜ ɛɥɨɤɨɜ ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ 
 
Ɋɚɫɫɱɢɬɚɟɦ ɞɢɚɦɟɬɪɵ  ɮɭɧɞɚɦɟɧɬɧɵɯ ɲɩɢɥɟɤ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɤɪɟɩɥɟɧɢɹ ɤɪɨɧɲɬɟɣɧɨɜ ɛɥɨɤɨɜ 11 ɢ 12(ɪɢɫɭɧɨɤ 2.12) ɫɬɪɚɯɨɜɨɱɧɨɣ ɫɢɫɬɟɦɵ, 
ɭɞɟɪɠɢɜɚɸɳɢɯ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɨɬ ɨɩɪɨɤɢɞɵɜɚɧɢɹ. ȼɫɥɟɞɫɬɜɢɟ 
ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨɣ ɪɚɡɧɢɰɵ ɜɟɥɢɱɢɧ ɫɢɥ ܲɢ ܲ′ ɚ ɬɚɤ ɠɟ ɦɚɥɨɣ ɪɚɡɧɢɰɟ 
ɭɝɥɨɜ ɞɟɣɫɬɜɢɹ ɷɬɢɯ ɫɢɥ ɞɢɚɦɟɬɪɵ ɛɨɥɬɨɜ ɤɪɟɩɥɟɧɢɹ  ɤɪɨɧɲɬɟɣɧɨɜ  ɛɥɨɤɨɜ 21 
ɢ 22 ɛɭɞɭɬ ɩɪɢɧɹɬɵ ɪɚɜɧɵɦɢ ɞɢɚɦɟɬɪɚɦ ɮɭɧɞɚɦɟɧɬɧɵɯ ɲɩɢɥɟɤ ɞɥɹ ɛɥɨɤɨɜ 11 
ɢ 12 ɫ ɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ ɩɪɨɱɧɨɫɬɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ P(ɪɢɫɭɧɨɤ 2.12). ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɨɧɚ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɫɢɥɭ ଵܲɢ ଶܲ.  
 
 
11, 12, 21, 22 – Ɏɭɧɞɚɦɟɧɬɧɵɟ ɲɩɢɥɶɤɢ 
 
Ɋɢɫɭɧɨɤ 2.12 – ɋɯɟɦɚ ɧɚɝɪɭɡɤɢ ɧɚ ɮɭɧɞɚɦɟɧɬɧɵɟ ɲɩɢɥɶɤɢ ɤɪɟɩɥɟɧɢɹ 
ɤɪɨɧɲɬɟɣɧɚ ɛɥɨɤɚ 
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ɂɡ ɫɯɟɦɵ ɧɚ ɪɢɫɭɧɤɟ 2.12 ɜɢɞɧɨ, ɱɬɨ ɫɢɥɚ ଵܲ ɪɚɜɧɨɦɟɪɧɨ ɞɟɣɫɬɜɭɟɬ ɧɚ ɜɫɟ ɱɟɬɵɪɟ ɲɩɢɥɶɤɢ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɇ: 
 ଵܲ = ܲ ∙ cosሺߙሻ,           (2.28) 
 
ɝɞɟ ܲ – ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɛɥɨɤ. Ɋɚɜɧɚ 1342,8 ɇ. ߙ – ɭɝɨɥ ɦɟɠɞɭ ɜɟɪɬɢɤɚɥɶɸ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫɢɥɵ ܲ. ɢɡ ɪɢɫɭɧɤɚ 2.12ɪɚɜɟɧ 
17˚. 
 
Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (2.27), 
 ଵܲ = ͳ͵Ͷʹ,ͺ ∙ cosሺͳ͹ሻ = ͳʹͺͶ,ͳ ɇ. 
 
Ɉɞɧɚɤɨ ɫɢɥɚ ଵܲ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɱɟɬɵɪɟ ɮɭɧɞɚɦɟɧɬɧɵɯ ɲɩɢɥɶɤɢ, ɩɨɷɬɨɦɭ ɧɚ ɤɚɠɞɭɸ ɲɩɢɥɶɤɭ ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɫɢɥɚ ଵܲଵ , ɪɚɜɧɚɹ 642,1 ɇ. 
Ɍɚɤɠɟ ɢɡ ɪɢɫɭɧɤɚ2.12 ɜɢɞɧɨ, ɱɬɨ  ɫɢɥɚ ଶܲɫɨɡɞɚɟɬ ɦɨɦɟɧɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ О. ɗɬɚ ɫɢɥɚ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɧɚɝɪɭɡɤɨɣ ܲ˔ ˑ˒˓ ɜ ɲɩɢɥɶɤɚɯ 11 ɢ 12, ɱɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɨɡɞɚɟɬ ɦɨɦɟɧɬ ܯ˔ˑ˒˓. 
 
ɋɢɥɚ ଶܲ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɇ: 
 ଶܲ = ܲ ∙ sin ሺߙሻ.           (2.29) 
 
Ɍɨɝɞɚ  
 ଶܲ = ͳ͵Ͷʹ,ͺ ∙ ݏ𝑖݊ሺͳ͹ሻ = ͵ͻʹ,͸ ʜ. 
 
Ɇɨɦɟɧɬ, ɫɨɡɞɚɜɚɟɦɵɣ ɫɢɥɨɣ ଶܲɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɇ∙ɦ: 
 ܯ = ଶܲ ∙ ܿ,            (2.30) 
 
ɝɞɟ ܿ = Ͳ,ͳ͵ ˏ (ɢɡ ɪɢɫɭɧɤɚ 2.12).  
 
Ɍɨɝɞɚ ɩɨɥɭɱɚɟɦ, ɱɬɨ 
 ܯ = ͵ͻʹ,͸ ∙ Ͳ,ͳ͵ = ͷͳ ʜ ∙ ˏ. 
 
Ɍɚɤ ɤɚɤ ɫɢɥɚ, ɫɨɡɞɚɸɳɚɹ ɦɨɦɟɧɬ ܯ  ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɧɚɝɪɭɡɤɢ ɜ ɞɜɭɯ ɲɩɢɥɶɤɚɯ, ɬɨ ɤɚɠɞɚɹ ɲɩɢɥɶɤɚ ɤɨɦɩɟɧɫɢɪɭɟɬ ɦɨɦɟɧɬ ܯଵ , ɪɚɜɧɵɣ ɩɨɥɨɜɢɧɟ ɦɨɦɟɧɬɚ ܯ .ɋɢɥɚ ܲ˔ ˑ˒˓ଵ , ɤɨɦɩɟɧɫɢɪɭɸɳɚɹ ɦɨɦɟɧɬ  ܯଵ , 
ɫɨɡɞɚɟɬ ɦɨɦɟɧɬ ܯ˔ˑ˒˓ଵ . ɂɡ ɪɢɫɭɧɤɚ2.12, ɫɨɝɥɚɫɧɨ [31] ɷɬɨɬ ɦɨɦɟɧɬ ɪɚɜɟɧ, ɇ∙ ˏ: 
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ܯ˔ˑ˒˓ଵ = ܯଵ = ܲ˔ ˑ˒˓ଵ ∙ ሺܾ + ௔ଶሻ,         (2.31) 
 
ɝɞɟ  ܽ = Ͳ,ͳʹ ˏ, ܾ = Ͳ,Ͳͻ͹ͷ ˏ. 
 
ɂɡ ɮɨɪɦɭɥɵ (2.30) ɩɨɥɭɱɚɟɦ, ɇ: 
 ܲ˔ ˑ˒˓ଵ = ܯ˔ˑ˒˓ଵ /ሺܾ + ௔ଶሻ.          (2.32) 
 
Ɍɨɝɞɚ ɩɨɥɭɱɚɟɦ 
 ܲ˔ ˑ˒˓ଵ = ଶହ,ହቀଽ଻,ହ+భమబ6బ ቁ∙ଵ଴−య = ͳ͸ͳ,ͻ ʜ. 
 
ɂɡ ɪɚɫɱɟɬɨɜ ɩɨ ɮɨɪɦɭɥɚɦ (2.31) ɢ (2.32), ɩɨɥɭɱɚɟɦ, ɱɬɨ ɤɚɠɞɚɹ ɲɩɢɥɶɤɚ 
ɢɫɩɵɬɵɜɚɟɬ ɪɚɫɬɹɠɟɧɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ, ɪɚɜɧɨɣ 3210,25 ɇ. ȼ ɷɬɨ ɠɟ 
ɜɪɟɦɹ ɤɚɠɞɚɹ ɢɡ ɲɩɢɥɟɤ 11 ɢ 12 ɢɫɩɵɬɵɜɚɟɬ ɪɚɫɬɹɠɟɧɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ, 
ɪɚɜɧɨɣ ͳ͸ͳ,ͻ ʜ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɲɩɢɥɶɤɢ 11 ɢ 12 ɢɫɩɵɬɵɜɚɸɬ ɛɨɥɶɲɭɸ 
ɧɚɝɪɭɡɤɭ. ɗɬɚ ɧɚɝɪɭɡɤɚ ɪɚɜɧɚ, ɇ: 
 ܲˑ ˄˜ = ଵܲଵ + ܲ˔ ˑ˒˓ଵ .          (2.33) 
 
Ɉɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ  
 ܲˑ ˄˜ = ͵ʹͳͲ,ʹͷ + ͳ͸ͳ,ͻ = ͵͵͹ʹ,ͳͷ ʜ. 
 
ɂɡ ɭɫɥɨɜɢɹ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ [29]: 
 𝜎˓ = ܰ/А˓ ൑ [𝜎˓],          (2.34) 
 
ɝɞɟ ܰ = ܲˑ ˄˜  – ɫɢɥɚ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɣ ɲɩɢɥɶɤɚ ɢɫɩɵɬɵɜɚɟɬ ɪɚɫɬɹɠɟɧɢɟ, ɇ, 𝜎˓ – ɧɚɩɪɹɠɟɧɢɟ, ɜɨɡɧɢɤɚɸɳɟɟ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ, ɉɚ, [𝜎˓] – ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɪɚɫɬɹɠɟɧɢɟ, ɉɚ. 
 
Ɉɬɫɸɞɚ ɩɨɥɭɱɚɟɦ, Ɇɉɚ: 
 𝜎˓ = ܲˑ ˄˜/ሺ𝜋∙஽మସ ሻ.           (2.35) 
 
ɉɨ ɭɫɥɨɜɢɸ ɩɪɨɱɧɨɫɬɢ: 𝜎˓ ൑ [𝜎˓]. Ⱦɥɹ ɋɬɚɥɢ 35 [𝜎˓] = ʹ,Ͳͷ ∙ ͳͲ଼ ʞ˃, 
ɫɨɝɥɚɫɧɨ [30].  Ɍɨɝɞɚ ɞɢɚɦɟɬɪ ɲɩɢɥɟɤɢɡ ɮɨɪɦɭɥɵ ( 2.35) ɛɭɞɟɬ, ɦ: 
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ܦ = √ସ∙௉ˑ˄˜𝜋∙[𝜎˓] .           (2.36) 
 
Ɍɨɝɞɚ 
 ܦ = √ ସ∙ଷଷ଻ଶ,ଵହଷ,ଵସ∙ଶ,଴ହ∙ଵ଴8 = Ͳ,ͲͲͶ͸ ˏ = Ͷ,͸ ˏˏ. 
 
ɉɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɲɩɢɥɟɤ  D= 10 ɦɦ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɜɵɫɨɤɢɣ ɡɚɩɚɫ 
ɩɪɨɱɧɨɫɬɢ ɤɪɟɩɥɟɧɢɹ ɤɪɨɧɲɬɟɣɧɨɜ ɛɥɨɤɨɜ. Ⱦɥɹ ɤɪɟɩɥɟɧɢɹ ɤɪɨɧɲɬɟɣɧɨɜ 
ɛɥɨɤɨɜ 21 ɢ 22 ɩɪɢɧɢɦɚɟɦ ɞɢɚɦɟɬɪ ɛɨɥɬɨɜ 10 ɦɦ. ɗɬɨ ɨɛɟɫɩɟɱɢɬ ɜɵɫɨɤɢɣ 
ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ ɤɪɟɩɥɟɧɢɹ. Ⱦɥɹ ɛɥɨɤɨɜ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɨɛɪɚɫɵɜɚɸɬɫɹ 
ɫɬɪɚɯɨɜɨɱɧɵɟ ɤɚɧɚɬɵ, ɭɞɟɪɠɢɜɚɸɳɢɟ ɩɨɞɜɢɠɧɭɸ ɩɥɚɬɮɨɪɦɭ, ɩɪɢɧɢɦɚɟɦ 
ɚɧɚɥɨɝɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɛɨɥɬɨɜ ɢ ɮɭɧɞɚɦɟɧɬɧɵɯ ɲɩɢɥɟɤ ɞɥɹ ɤɪɟɩɥɟɧɢɹ 
ɤɪɨɧɲɬɟɣɧɨɜ. 
 
2.4.5 ɉɨɞɛɨɪ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɨɜ 
 
Ɂɧɚɹ, ɱɬɨ ɧɚ ɤɚɠɞɵɣ ɢɡ ɞɜɭɯ ɫɬɪɚɯɨɜɨɱɧɵɯ ɤɚɧɚɬɨɜ ɫɢɫɬɟɦɵ, 
ɭɞɟɪɠɢɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ ɨɬ ɩɪɨɤɚɬɵɜɚɧɢɹ, ɩɪɢɯɨɞɢɬɫɹ ɧɚɝɪɭɡɤɚ ʹͶͺͲ,ʹ  ɇ, 
ɩɨɞɛɢɪɚɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɚɧɚɬɵ. Ⱦɥɹ ɬɚɤɨɣ ɧɚɝɪɭɡɤɢ ɜɩɨɥɧɟ ɩɨɞɨɣɞɟɬ 
ɫɬɪɚɯɨɜɨɱɧɨ-ɫɩɚɫɚɬɟɥɶɧɵɣ ɤɚɧɚɬ, ɜɵɞɟɪɠɢɜɚɸɳɢɣ ɪɚɡɪɵɜɧɭɸ ɧɚɝɪɭɡɤɭ 300 
ɤɝɫ. Ⱦɥɢɧɚ ɤɚɠɞɨɝɨ ɤɚɧɚɬɚ – 7 ɦ. Ⱦɥɹ ɫɢɫɬɟɦɵ, ɭɞɟɪɠɢɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɭ ɨɬ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɤɚɬɵɜɚɧɢɹ, ɜɵɛɢɪɚɟɦ ɚɧɚɥɨɝɢɱɧɵɟ ɫɬɪɚɯɨɜɨɱɧɨ-
ɫɩɚɫɚɬɟɥɶɧɵɟ ɤɚɧɚɬɵ ɞɥɢɧɨɣ 10 ɦ. 
 
2.5 ɉɨɞɛɨɪ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ 
ɞɥɹ ɨɫɧɚɫɬɤɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ 
 
Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɢ ɨɫɧɚɫɬɤɢ ɫɬɟɧɞɚ 
ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɭɸɳɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
- ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɞɜɭɯɫɬɨɟɱɧɵɣ ɩɨɞɴɟɦɧɢɤ (ɧɚɩɪɢɦɟɪ, ɚɜɬɨɦɨɛɢɥɶɧɵɣ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɨɞɴɟɦɧɢɤ GR-5 (GARO)); 
- ɧɟɩɨɞɜɢɠɧɚɹ ɩɥɚɬɮɨɪɦɚ; 
- ɜɟɫɵ ɩɨɞɤɥɚɞɧɵɟ ɚɜɬɨɦɨɛɢɥɶɧɵɟ (ɧɚɩɪɢɦɟɪ, ɜɟɫɵ ɷɥɟɤɬɪɨɧɧɵɟ 
ɚɜɬɨɦɨɛɢɥɶɧɵɟ CAS RW-15P); 
- ɩɨɞɤɚɬɧɚɹ ɩɥɚɬɮɨɪɦɚ ɢɥɢ ɞɜɟ ɩɨɞɤɚɬɧɵɯ ɬɟɥɟɠɤɢ (ɪɢɫɭɧɨɤ 2.13), 
ɨɫɧɚɳɟɧɧɵɯ ɤɨɥɟɫɚɦɢ ɨɩɨɪɧɵɦɢ (16 ɤɨɥɟɫ ɩɨ 250 ɤɝ ɧɚ ɤɚɠɞɨɟ); 
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Ɋɢɫɭɧɨɤ 2.13 – ɑɟɪɬɟɠ ɩɨɞɤɚɬɧɨɣ ɬɟɥɟɠɤɢ (ɬɪɢ ɜɢɞɚ) 
 
- ɛɥɨɤ ɦɨɧɬɚɠɧɵɣ ɨɩɨɪɧɵɣ ɢɡ ɤɚɬɚɥɨɝɚ [36] (ɪɢɫɭɧɨɤ 2.14) – 10 ɲɬ.;  
 
 
 
Ɋɢɫɭɧɨɤ 2.14 – Ȼɥɨɤ ɦɨɧɬɚɠɧɵɣ ɨɩɨɪɧɵɣ 
 
- ɫɬɪɨɩ ɋɌɉ 1.5ɬ ɯ 5ɦ (75 ɦɦ)ɢɡ ɤɚɬɚɥɨɝɚ [36] (ɪɢɫɭɧɨɤ 2.15) – 2 ɲɬ.; 
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Ɋɢɫɭɧɨɤ 2.15 – ɋɬɪɨɩ ɋɌɉ 1.5ɬ ɯ 5ɦ (75 ɦɦ) 
 
- ɫɬɪɨɩ ɏȻ 10ɦɦ, 40 ɤɝɫ ɢɡ ɤɚɬɚɥɨɝɚ [36] (ɪɢɫɭɧɨɤ 2.16)– 2 ɲɬ. ɯ 7 ɦ, ɢ 2 
ɲɬ. ɯ 10ɦ; 
 
 
 
Ɋɢɫɭɧɨɤ 2.16 – ɋɬɪɨɩ ɏȻ 10ɦɦ, 40 ɤɝɫ 
 
- ɛɨɥɬ Ɇ10*1,0*40 – 8 ɲɬ.; 
- ɚɧɤɟɪ ɤɥɢɧɨɜɨɣ 10* 65 – 24 ɲɬ.: 
- ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɱɚɫɬɢ (ɡɚɠɢɦɵ, ɤɚɪɚɛɢɧɵ, ɢ ɬ.ɞ.) 
  
ȼɵɜɨɞɵ ɩɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 
 
ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ ɩɨɧɹɬɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɦɟɬɨɞɚɦ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ 
ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
ɉɪɟɞɥɨɠɟɧ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɫɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ 
ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɩɨɡɜɨɥɹɬɶ ɩɪɨɜɨɞɢɬɶ 
ɢɫɩɵɬɚɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨ ɦɟɬɨɞɭ, ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɦɭ ȽɈɋɌ 31507-2012.  
Ɋɚɫɫɱɢɬɚɧɵ ɧɚɝɪɭɡɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɟ,  
ɢ ɩɨɞɨɛɪɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɨɫɧɚɫɬɤɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɬɟɧɞɚ, ɱɟɦ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɟɝɨ ɛɟɡɨɩɚɫɧɨɫɬɶ.  
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3 Ɇɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
  
3.1 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ȽɈɋɌ 31507-2012 
  
3.1.1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 
 
 ȽɈɋɌ 31507-2012 ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ 
ɤɚɬɟɝɨɪɢɣ Ɇ, N ɢ Ɉ, ɤɪɨɦɟ ȺɌɋ, ɢɦɟɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɦɟɧɟɟ 40 
ɤɦ/ɱ, ɩɪɢɰɟɩɨɜ-ɬɹɠɟɥɨɜɨɡɨɜ ɢ ɩɨɥɭɩɪɢɰɟɩɨɜ-ɬɹɠɟɥɨɜɨɡɨɜ, ɚ ɬɚɤɠɟ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɧɟ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɞɨɪɨɝɚɯ 
ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ. 
 ɋɨɝɥɚɫɧɨ ɞɚɧɧɨɦɭ ȽɈɋɌ, ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɨɬɢɜ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɭɝɨɥ 
ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ (ߙ˔.˖) ɢ ɭɝɨɥ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ (𝜑). 
 ɍɝɨɥ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ – ɭɝɨɥ ɧɚɤɥɨɧɚ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɩɪɢ 
ɤɨɬɨɪɨɦ ɩɪɨɢɡɨɲɟɥ ɨɬɪɵɜ ɜɫɟɯ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɞɢɧɨɱɧɨɝɨ ȺɌɋ ɢɥɢ ɜɫɟɯ 
ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɞɧɨɝɨ ɢɡ ɡɜɟɧɶɟɜ ɫɟɞɟɥɶɧɨɝɨ ɚɜɬɨɩɨɟɡɞɚ ɨɬ ɨɩɨɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ; 
 ɍɝɨɥ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ – ɭɝɨɥ ɦɟɠɞɭ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ ɢ ɩɨɩɟɪɟɱɧɨɣ ɨɫɶɸ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ, 
ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɦɚɫɫ ȺɌɋ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɤɥɨɧɚ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɟ. 
 Ɂɧɚɱɟɧɢɟ ɭɝɥɚ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ȺɌɋ ɩɪɨɬɢɜ ɨɩɪɨɤɢɞɵɜɚɧɢɹ, 
ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ, ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɶɲɟ ɧɨɪɦɚɬɢɜɧɨɝɨ 
ɡɧɚɱɟɧɢɹ (ߙː) , ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ (ݍ௦) ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ȺɌɋ. 
 Ʉɨɷɮɮɢɰɢɟɧɬ ݍ௦ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 ݍ௦ = ଴,ହ௕ℎ ,                                                                                            (3.1) 
 
ɝɞɟ b – ɤɨɥɟɹ ɤɨɥɟɫ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɟɝɨ ɰɟɧɬɪ ɦɚɫɫ, ɦɦ;  
 ℎ – ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɧɚɞ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɦɦ. 
 
 ȼɵɫɨɬɭ ɰɟɧɬɪɚ ɦɚɫɫ ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 ℎ = ଴,ହ௕−ℎˍ.˒∙௧𝑔ሺఈ˔.˖ሻ−∆௧𝑔ሺఈ˔.˖ሻ∙c୭sሺ𝜑ሻ+si୬ ሺ𝜑ሻ + ℎˍ.˒,       (3.2) 
 
ɝɞɟ hˍ.˒ – ɜɵɫɨɬɚ ɨɫɢ ɤɪɟɧɚ ɧɚɞ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ, ɩɪɨɯɨɞɹɳɟɦ ɱɟɪɟɡ ɰɟɧɬɪ ɦɚɫɫ,ɦɦ; 
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 ∆  – ɛɨɤɨɜɨɟ ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɢɡɦɟɪɟɧɢɣ ɛɨɤɨɜɨɣ ɞɟɮɨɪɦɚɰɢɢ ɲɢɧ,ɦɦ. 
 ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɬɨɱɧɵɯ ɞɚɧɧɵɯ ɜɟɥɢɱɢɧɚ hˍ.˒  ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ ɫɬɚɬɢɱɟɫɤɨɦɭ ɪɚɞɢɭɫɭ ɤɨɥɟɫɚȺɌɋ. 
 ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɜɟɥɢɱɢɧɵ ɭɝɥɚ ߙ˔.˖ ɧɨɪɦɚɬɢɜɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ߙː , ȺɌɋ ɜɫɟɯ ɤɚɬɟɝɨɪɢɣ, ɜɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ (ɛɨɥɶɲɟɝɨ ɢɥɢ ɦɟɧɶɲɟɝɨ ɟɞɢɧɢɰɵ), ɪɚɡɞɟɥɟɧɵ ɧɚ 
ɞɜɟ ɝɪɭɩɩɵ, ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ ɡɚɜɢɫɢɦɨɫɬɶ ߙː = ݂ሺݍ௦ሻ: 
 ߙː = ሺ−ʹ,Ͷ + Ͷʹ,Ͷݍ௦ሻ°ɩɪɢ 0,55൑ ݍ௦ ൑ ͳ,Ͳ        (3.3) 
 ߙː = ሺͳͷ + ʹͷ,Ͷݍ௦ሻ°ɩɪɢ ݍ௦ > ͳ,Ͳ          (3.4) 
 ߙː ൒ ʹͳ° ɩɪɢ ݍ௦ < Ͳ,ͷͷ 
  
 Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɟɣ (3.3) ɢ (3.4) ɞɥɹ ȺɌɋ ɪɚɡɥɢɱɧɵɯ ɤɚɬɟɝɨɪɢɣ 
ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.1. 
 
 Ⱥ – ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ݍ௦ ɞɥɹ ɚɜɬɨɤɪɚɧɨɜ, ɚɜɬɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɟɣ, ɪɟɮɪɢɠɟɪɚɬɨɪɨɜ, ɤɨɧɬɟɣɧɟɪɨɜɨɡɨɜ ɤɚɬɟɝɨɪɢɢ ଷܰ, ɞɜɭɯɷɬɚɠɧɵɯ ɚɜɬɨɛɭɫɨɜ ɤɚɬɟɝɨɪɢɢ ܯଷ; 𝐴ଵ – ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ݍ௦ ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɰɢɫɬɟɪɧ ɤɚɬɟɝɨɪɢɢ ଷܰ, ɩɪɢɰɟɩɨɜ ɰɢɫɬɟɪɧ ɤɚɬɟɝɨɪɢɣ ܱଷ, ସܱ; Ȼ – ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ݍ௦ɞɥɹ ɪɟɮɪɢɠɟɪɚɬɨɪɨɜ, ɫɚɦɨɫɜɚɥɨɜ ɤɚɬɟɝɨɪɢɢ ଷܰ, ɨɞɧɨɷɬɚɠɧɵɯ ɚɜɬɨɛɭɫɨɜ ɤɚɬɟɝɨɪɢɢ ܯଷ, ɩɪɢɰɟɩɨɜ ɤɚɬɟɝɨɪɢɣ ܱଷ, ସܱ; ȼ – ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ݍ௦ɞɥɹ ɚɜɬɨɤɪɚɧɨɜ, ɫɚɦɨɫɜɚɥɨɜ, ɪɟɮɪɢɠɟɪɚɬɨɪɨɜ ɤɚɬɟɝɨɪɢɢ ଶܰ, ɛɨɪɬɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɤɚɬɟɝɨɪɢɢ ଷܰ, ɚɜɬɨɛɭɫɨɜ ɤɚɬɟɝɨɪɢɢ ܯଶ ɢ ɩɪɢɰɟɩɨɜ ɤɚɬɟɝɨɪɢɢ ܱଶ; Ƚ – ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ݍ௦ ɞɥɹ ɛɨɪɬɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɤɚɬɟɝɨɪɢɣ ଵܰ, ଶܰ, ɮɭɪɝɨɧɨɜ ɤɚɬɟɝɨɪɢɢ ଵܰ, ɚɜɬɨɦɨɛɢɥɟɣ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɯɨɞɢɦɨɫɬɢ ɤɚɬɟɝɨɪɢɢ ܯଵ; Ⱦ – ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ݍ௦ ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɤɚɬɟɝɨɪɢɢ ܯଵ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɚɜɬɨɦɨɛɢɥɟɣ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɯɨɞɢɦɨɫɬɢ), ɩɪɢɰɟɩɨɜ ɤɚɬɟɝɨɪɢɢ ܱଵ. 
 
Ɋɢɫɭɧɨɤ 3.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɭɝɥɚߙː ɨɩɪɨɤɢɞɵɜɚɧɢɹ ȺɌɋ ɧɚ ɫɬɟɧɞɟ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢݍ௦ȺɌɋ ɪɚɡɥɢɱɧɵɯ ɤɚɬɟɝɨɪɢɣ ɢ ɬɢɩɨɜ (ɡɨɧɵ A, 𝐴ଵ, Ȼ, ȼ, Ƚ, Ⱦ ɩɪɢɜɟɞɟɧɵ ɞɥɹ ɫɩɪɚɜɨɤ) 
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 Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɟɣ-ɤɨɧɬɟɣɧɟɪɨɜɨɡɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɧɚ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝɚɯ ɨɛɳɟɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
(ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɨɨɛɳɟɧɢɹ), ɪɟɫɩɭɛɥɢɤɚɧɫɤɨɝɨ, ɨɛɥɚɫɬɧɨɝɨ 
(ɤɪɚɟɜɨɝɨ) ɡɧɚɱɟɧɢɹ, ɩɪɢ ɡɚɝɪɭɡɤɟ ɛɨɥɟɟ 0,8 ɩɨɥɧɨɝɨ ɨɛɴɟɦɚ ɤɨɧɬɟɣɧɟɪɚ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɢ ɰɟɧɬɪɚ ɦɚɫɫ ɛɚɥɥɚɫɬɚ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɰɟɧɬɪɟ ɤɨɧɬɟɣɧɟɪɚ 
ɦɢɧɢɦɚɥɶɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟߙ˔˖ ɪɚɜɧɨ 19°. 
 ɍɝɨɥ ɤɪɟɧɚ 𝜑 ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɨɩɪɟɞɟɥɹɸɬ ɩɪɢ ɭɝɥɟ ɧɚɤɥɨɧɚ 
ɩɥɚɬɮɨɪɦɵ, ɩɪɢ ɤɨɬɨɪɨɦɩɪɨɢɫɯɨɞɢɬ ɨɬɪɵɜ ɜɫɟɯ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɨɞɢɧɨɱɧɨɝɨ ȺɌɋ ɢɥɢ ɜɫɟɯ ɤɨɥɟɫ ɨɞɧɨɝɨ ɢɡ ɡɜɟɧɶɟɜ ɚɜɬɨɩɨɟɡɞɚ ɨɬɨɩɨɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ 𝜑  ɤɪɟɧɚ 
ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɜ ɰɟɧɬɪɟ ɦɚɫɫȺɌɋ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɢɫɩɵɬɚɧɢɣ, ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 𝜑ː , ɡɚɞɚɧɧɵɯ ɜɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ݍ௦. 
 ɉɪɢ ɷɬɨɦ ȺɌɋ ɜɫɟɯ ɤɚɬɟɝɨɪɢɣ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɝɪɭɩɩɵ, ɤɚɠɞɨɣ ɢɡ 
ɤɨɬɨɪɵɯɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ ɡɚɜɢɫɢɦɨɫɬɶ 𝜑ː = ݂ሺݍ௦ሻ: 
 
 - ɩɪɢ  ݍ௦ ൑ ͳ,Ͳ 𝜑ː = ሺͳͲ,ͺ − Ͷ,͵ݍ௦ሻ°;         (3.5) 
  
 - ɩɪɢ ݍ௦ > ͳ,Ͳ𝜑ː = ͸,ͷ°.           (3.6) 
 
 Ʉɪɢɬɟɪɢɟɦ ɫɨɨɬɜɟɬɫɬɜɢɹ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɞɚɧɧɨɝɨ ɫɬɚɧɞɚɪɬɚ 
ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟ 
 𝜑 ൑ 𝜑ː,              (3.7) 
 
ɝɞɟ  𝜑ː- ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɤɪɟɧɚ.[4] 
 
 Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɟɣ (5), (6) ɢ (7) ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3. 
 
 Ɋɢɫɭɧɨɤ 3.3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɭɝɥɚ ɤɪɟɧɚ𝜑ː ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ȺɌɋ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢݍ௦. 
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 3.1.2 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɢɫɩɵɬɚɬɟɥɶɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɢ ɩɨɝɪɟɲɧɨɫɬɢ 
ɢɡɦɟɪɟɧɢɣ 
 
 ɉɨɝɪɟɲɧɨɫɬɢ ɩɨɤɚɡɚɧɢɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ 
ɡɧɚɱɟɧɢɣ, ɭɤɚɡɚɧɧɵɯ ɜɬɚɛɥɢɰɟ 3.1, ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɚɩɚɡɨɧɨɜ 
ɢɡɦɟɪɟɧɢɣ. 
 
Ɍɚɛɥɢɰɚ 3.1 – Ⱦɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ 
ɂɡɦɟɪɹɟɦɵɣ ɩɚɪɚɦɟɬɪ Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɣ ɉɨɝɪɟɲɧɨɫɬɶ, ɧɟ ɛɨɥɟɟ 
ɍɝɨɥ ɤɪɟɧɚ ȺɌɋ, ° ±15 ±0,25 
ɍɝɨɥ ɧɚɤɥɨɧɚ ɩɥɚɬɮɨɪɦɵ 
ɫɬɟɧɞɚ ɨɩɪɨɤɢɞɵɜɚɬɟɥɹ, ° ±7 ±0,25 
Ʌɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ 
ɞɨ 500 ±3 
ɨɬ 500 ɞɨ 5000 ±5 
ɨɬ 5000 ±10 
 
 Ⱦɚɬɱɢɤɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɨɥɠɧɵ ɛɵɬɶ 
ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɧɫɬɪɭɤɰɢɹɦɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɬɪɟɛɭɟɦɭɸ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ. 
 ɋɬɪɚɯɨɜɨɱɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɩɪɟɞɨɬɜɪɚɳɚɸɳɢɟ ɨɩɪɨɤɢɞɵɜɚɧɢɟ 
ȺɌɋ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ, ɞɨɥɠɧɵ ɛɵɬɶ ɨɫɧɚɳɟɧɵ ɷɥɟɦɟɧɬɚɦɢ, ɡɚɳɢɳɚɸɳɢɦɢ 
ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɜɧɟɲɧɢɟ ɩɚɧɟɥɢ ɢ ɞɟɬɚɥɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. 
 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɢɫɩɨɥɶɡɭɸɬ ɫɬɟɧɞ (ɫɬɟɧɞ-ɨɩɪɨɤɢɞɵɜɚɬɟɥɶ), ɢɦɟɸɳɢɣ ɩɥɚɬɮɨɪɦɭ, 
ɪɚɡɦɟɪɵ ɤɨɬɨɪɨɣ ɩɨɡɜɨɥɹɸɬ ɪɚɡɦɟɫɬɢɬɶ ɚɜɬɨɦɨɛɢɥɶ, ɩɪɢɰɟɩ ɢɥɢ ɫɟɞɟɥɶɧɵɣ 
ɚɜɬɨɩɨɟɡɞ. 
 Ɉɩɨɪɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɚɬɮɨɪɦɵ ɫɬɟɧɞɚ ɞɨɥɠɧɚ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ 
ɜɨɤɪɭɝ ɨɫɢ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɧɚ ɭɝɨɥ ɧɟ 
ɦɟɧɟɟ 60° ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. ɉɥɚɬɮɨɪɦɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɨɫɧɚɳɟɧɚ ɫɬɪɚɯɨɜɨɱɧɵɦɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ ɜ ɜɢɞɟ ɰɟɩɟɣ ɢɥɢ ɬɪɨɫɨɜ ɢ 
ɭɩɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɩɪɟɞɨɬɜɪɚɳɚɬɶ ɫɤɨɥɶɠɟɧɢɟ ɲɢɧ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ[4]. 
  
 3.1.3 ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ 
 
 ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɹɬ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɩɪɚɜɢɥ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ, 
ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ[4]. 
 Ɍɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ȺɌɋ, ɢɯ ɚɝɪɟɝɚɬɨɜ ɢ ɭɡɥɨɜ ɞɨɥɠɧɨ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɟɯɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɢɥɢ ɞɪɭɝɨɣ ɬɟɯɧɢɱɟɫɤɨɣ 
ɞɨɤɭɦɟɧɬɚɰɢɢ ɩɪɟɞɩɪɢɹɬɢɹ-ɢɡɝɨɬɨɜɢɬɟɥɹ, ɭɬɜɟɪɠɞɟɧɧɨɣ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ 
ɩɨɪɹɞɤɟ. 
 ɋɟɞɟɥɶɧɵɟ ɬɹɝɚɱɢ ɢɫɩɵɬɵɜɚɸɬ ɜ ɫɨɫɬɚɜɟ ɚɜɬɨɩɨɟɡɞɚ, ɩɪɢ ɷɬɨɦ 
ɩɪɢɰɟɩɧɨɣ ɫɨɫɬɚɜ ɢɫɩɵɬɵɜɚɸɬ ɫɨ ɲɬɚɬɧɵɦɢ ɬɹɝɚɱɚɦɢ. 
 Ⱦɨɩɭɫɤɚɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ ɩɪɢɰɟɩɨɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɛɟɡ ɬɹɝɚɱɚ. 
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 ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɬɪɟɛɨɜɚɧɢɹ 
ɪɭɤɨɜɨɞɫɬɜɚ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 ɂɡɧɨɫ ɲɢɧ ȺɌɋ ɩɟɪɟɞ ɢɫɩɵɬɚɧɢɹɦɢ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɜɧɨɦɟɪɧɵɦ ɢ ɧɟ 
ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 40% ɩɨɥɧɨɣ ɜɵɫɨɬɵ ɩɪɨɬɟɤɬɨɪɚ. 
 ɉɟɪɟɞ ɢɫɩɵɬɚɧɢɹɦɢ ɩɪɟɞɩɪɢɹɬɢɟ-ɢɡɝɨɬɨɜɢɬɟɥɶ ɢɥɢ ɡɚɤɚɡɱɢɤ 
ɢɫɩɵɬɚɧɢɣ ɞɨɥɠɧɵ ɩɪɟɞɫɬɚɜɢɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɬɢɩɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɜ ɨɬɧɨɲɟɧɢɢ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɢɥɨɠɟɧɢɟɦ Ƚ. 
 ɉɟɪɟɞ ɢɫɩɵɬɚɧɢɹɦɢ ȺɌɋ ɧɚɝɪɭɠɚɸɬ ɞɨ ɩɨɥɧɨɣ ɦɚɫɫɵ, ɡɚɹɜɥɟɧɧɨɣ 
ɩɪɟɞɩɪɢɹɬɢɟɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ. Ɇɚɫɫɚ ɛɚɥɥɚɫɬɚ, ɢɦɢɬɢɪɭɸɳɟɝɨ ɥɸɞɟɣ, 
ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɡɧɚɱɟɧɢɹɦ: 
 - ɜɨɞɢɬɟɥɶ ɢ ɟɞɢɧɢɰɚ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɜ ɝɪɭɡɨɜɨɦ 
ɚɜɬɨɦɨɛɢɥɟ ɢ ɚɜɬɨɛɭɫɟ - (75±1) ɤɝ; 
 - ɜɨɞɢɬɟɥɶ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɩɚɫɫɚɠɢɪ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɢ 
ɚɜɬɨɛɭɫɚ - (68±1) ɤɝ. 
 Ɇɚɫɫɚ ɛɚɥɥɚɫɬɚ, ɢɦɢɬɢɪɭɸɳɟɝɨ ɥɸɞɟɣ, ɞɥɹ ȺɌɋ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɨ 
ɡɚɤɚɡɭ Ɇɢɧɨɛɨɪɨɧɵ Ɋɨɫɫɢɢ, ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɡɧɚɱɟɧɢɹɦ, ɭɤɚɡɚɧɧɵɦ ɜ 
ɧɨɪɦɚɬɢɜɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. 
 ȼ ɤɚɱɟɫɬɜɟ ɛɚɥɥɚɫɬɚ, ɢɦɢɬɢɪɭɸɳɟɝɨ ɥɸɞɟɣ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ 
ɨɛɴɟɦɧɵɟ ɦɚɧɟɤɟɧɵ. 
 ɉɥɚɬɮɨɪɦɵ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɩɪɢɰɟɩɨɜ ɧɚɝɪɭɠɚɸɬ ɛɚɥɥɚɫɬɨɦ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɯ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɵɫɨɬɚ 
ɰɟɧɬɪɚ ɦɚɫɫɵ ɛɚɥɥɚɫɬɚ ɧɚɞ ɩɥɚɬɮɨɪɦɨɣ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɜɵɫɨɬɟ ɰɟɧɬɪɚ ɦɚɫɫ 
ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɩɨ ɩɥɚɬɮɨɪɦɟ ɝɪɭɡɚ ɩɥɨɬɧɨɫɬɶɸ 
(0,80±0,05) ɬ/ɦ .  
Ⱦɥɹ ɩɨɥɧɨɩɪɢɜɨɞɧɵɯ ɝɪɭɡɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɰɟɧɬɪ ɦɚɫɫɵ ɛɚɥɥɚɫɬɚ ɞɨɥɠɟɧ 
ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɚ ɜɵɫɨɬɟ ɫɟɪɟɞɢɧɵ ɛɨɪɬɨɜ ɩɥɚɬɮɨɪɦɵ ɫ ɭɱɟɬɨɦ ɧɚɞɫɬɚɜɧɵɯ 
ɛɨɪɬɨɜ. 
 ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ȺɌɋ ɢɫɩɵɬɵɜɚɸɬ ɩɪɢ ɜɵɫɨɬɟ ɰɟɧɬɪɚ ɦɚɫɫɵ 
ɛɚɥɥɚɫɬɚ, ɢɫɯɨɞɹ ɢɡ ɩɥɨɬɧɨɫɬɢ ɝɪɭɡɚ, ɞɥɹ ɩɟɪɟɜɨɡɤɢ ɤɨɬɨɪɨɝɨ ɩɪɟɞɧɚɡɧɚɱɟɧɨ 
ɞɚɧɧɨɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ȺɌɋ, ɩɨɞɬɜɟɪɠɞɟɧɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ 
ɩɪɟɞɩɪɢɹɬɢɹ-ɢɡɝɨɬɨɜɢɬɟɥɹ. 
 ȼ ɤɚɱɟɫɬɜɟ ɛɚɥɥɚɫɬɚ ɞɥɹ ɰɢɫɬɟɪɧ ɞɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɨɞɭ. 
 ȼɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɨɮɨɪɦɥɹɸɬ ɩɪɨɬɨɤɨɥ, ɜ ɤɨɬɨɪɨɦ ɨɬɦɟɱɚɸɬ 
ɭɫɥɨɜɢɹ ɢɫɩɵɬɚɧɢɣ [4]. 
 
 3.1.4 Ɇɟɬɨɞɢɤɚ ɢɫɩɵɬɚɧɢɣ 
 
 ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɹɬ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɬɢɜ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɩɪɢ ɧɚɤɥɨɧɟ ɩɥɚɬɮɨɪɦɵ ɫɬɟɧɞɚ ɞɨ 
ɜɟɥɢɱɢɧɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɪɵɜ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɨɞɢɧɨɱɧɨɝɨ ȺɌɋ ɢɥɢ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɞɧɨɝɨ ɢɡ ɡɜɟɧɶɟɜ  ɫɟɞɟɥɶɧɨɝɨ 
ɚɜɬɨɩɨɟɡɞɚ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.
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 ɂɫɩɵɬɚɧɢɹ "ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɧɚ ɫɬɟɧɞɟ" ɩɪɨɜɨɞɹɬ ɧɚ ɫɬɟɧɞɟ ɫ 
ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɨɣ. ɂɫɩɵɬɭɟɦɨɟ ȺɌɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ 
ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɬɮɨɪɦɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɟɝɨ ɩɪɨɞɨɥɶɧɚɹ ɨɫɶ 
ɛɵɥɚ ɩɚɪɚɥɥɟɥɶɧɚ ɨɫɢ ɩɨɜɨɪɨɬɚ ɩɥɚɬɮɨɪɦɵ. ɍɩɪɚɜɥɹɟɦɵɟ ɤɨɥɟɫɚ ȺɌɋ 
ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɨɥɨɠɟɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ 
ɞɜɢɠɟɧɢɸ. ɋɬɨɹɧɨɱɧɵɣ ɬɨɪɦɨɡ ɩɪɢ ɷɬɨɦ ɞɨɥɠɟɧ ɛɵɬɶ ɜɤɥɸɱɟɧ. Ⱦɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɤɨɥɶɠɟɧɢɹ ɢ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ȺɌɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ. 
 ɇɚɤɥɨɧ ɩɥɚɬɮɨɪɦɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ, ɧɟ 
ɩɪɟɜɵɲɚɸɳɟɣ 0,5°/ɫ, ɞɨ ɨɬɪɵɜɚ ɨɞɧɨɝɨ, ɚ ɡɚɬɟɦ ɜɫɟɯ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɨɞɢɧɨɱɧɨɝɨ ȺɌɋ (ɡɜɟɧɚ ɚɜɬɨɩɨɟɡɞɚ) ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɇɨɦɟɧɬ 
ɨɬɪɵɜɚ 
ɨɩɪɟɞɟɥɹɸɬ ɜɢɡɭɚɥɶɧɨ.  
 ɉɥɚɬɮɨɪɦɭ ɜɨɡɜɪɚɳɚɸɬ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. 
 ɉɪɢɦɟɱɚɧɢɟ – Ɉɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɞɴɟɦɚ ɩɥɚɬɮɨɪɦɵ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɩɨɫɨɛɨɦ ɡɚɦɟɪɚ ɜɪɟɦɟɧɢ ɩɨɞɴɟɦɚ ɩɥɚɬɮɨɪɦɵ ɫ ɨɛɴɟɤɬɨɦ 
ɢɫɩɵɬɚɧɢɣ ɧɚ ɭɝɨɥ, ɪɚɜɧɵɣ 80% ɩɨɥɭɱɟɧɧɨɝɨ ɭɝɥɚ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ȺɌɋ ɨɬ 
ɧɚɱɚɥɚ ɩɨɞɴɟɦɚ ɩɥɚɬɮɨɪɦɵ. 
 ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ɢɡɦɟɪɹɸɬ ɢ ɪɟɝɢɫɬɪɢɪɭɸɬ: 
 - ɭɝɨɥ ɧɚɤɥɨɧɚ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ߙ𝑖); 
 - ɭɝɥɵ ɧɚɤɥɨɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ȺɌɋ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɡɨɧɚɯ ɩɟɪɟɞɧɟɝɨ (ߙ˒𝑖) ɢ ɡɚɞɧɟɝɨ (ߙˊ𝑖) ɫɜɟɫɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɦɟɫɬɚɯ, ɭɞɨɛɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɩɪɢɛɨɪɨɜ (ɧɚ ɷɥɟɦɟɧɬɚɯ ɜɬɨɪɢɱɧɨ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɢɡɦɟɪɟɧɢɹ ɧɟ 
ɩɪɨɜɨɞɹɬ),  
ɝɞɟ i – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɡɚɱɟɬɧɨɝɨ ɢɡɦɟɪɟɧɢɹ. 
 ɉɪɢ ɩɨɥɨɠɟɧɢɢ ɩɥɚɬɮɨɪɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɭɝɥɭ ɨɩɪɨɤɢɞɵɜɚɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡɦɟɪɹɸɬ ɛɨɤɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ 
ɲɢɧ ɤɚɠɞɨɣ ɢɡ ɨɫɟɣ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 Ȼɨɤɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ ɲɢɧɵ ∆˛  ɨɫɢ ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ ɪɚɡɧɢɰɭ ɞɜɭɯ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɞɢɫɤɨɦ ɤɨɥɟɫɚ ɢ ɜɧɟɲɧɟɣ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɧɟɩɨɞɜɢɠɧɨɝɨ ɭɩɨɪɚ, ɢɡɦɟɪɟɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɥɚɬɮɨɪɦɵ. 
 ɂɡɦɟɪɟɧɢɟ ɩɪɨɢɡɜɨɞɹɬ ɜ ɧɚɱɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɢ ɩɨɥɨɠɟɧɢɢ 
ɩɥɚɬɮɨɪɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɭɝɥɭ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
ɂɡɦɟɪɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɢɧɟɣɤɨɣ ɢ ɭɝɨɥɶɧɢɤɨɦ 90 ɝɪɚɞɭɫɨɜ, 
ɩɪɢɤɥɚɞɵɜɚɟɦɵɦ ɤ ɜɧɟɲɧɟɣ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɩɨɪɚ. 
 ɇɚ ɡɚɩɢɫɹɯ ߙ = ݂ሺݐሻ , 𝜑˒ = ݂ሺݐሻ  ɢ 𝜑ଷ = ݂ሺݐሻ  ɞɟɥɚɸɬ ɨɬɦɟɬɤɢ ɜ ɦɨɦɟɧɬɵ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɬ ɩɥɚɬɮɨɪɦɵ. 
 Ⱦɨɩɭɫɤɚɟɬɫɹ ɫɬɭɩɟɧɱɚɬɵɣ ɩɨɞɴɟɦ ɩɥɚɬɮɨɪɦɵ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɭɝɥɨɜ ߙ 
ɢ 𝜑  ɩɪɢ ɨɫɬɚɧɨɜɤɚɯ ɩɥɚɬɮɨɪɦɵ ɱɟɪɟɡ ɤɚɠɞɵɟ 1°-2° ɜ ɨɛɥɚɫɬɢ, ɛɥɢɡɤɨɣ ɤ 
ɨɬɪɵɜɭ ɜɫɟɯ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɬ ɩɥɚɬɮɨɪɦɵ.  
 ȼɟɥɢɱɢɧɵ ɭɝɥɨɜ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
(ɡɜɟɧɚ ɚɜɬɨɩɨɟɡɞɚ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɚɬɮɨɪɦɵ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ 
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ɨɬɪɵɜ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɬ ɩɥɚɬɮɨɪɦɵ ɜ ɡɨɧɚɯ ɩɟɪɟɞɧɟɝɨ 𝜑˒𝑖 ɢ ɡɚɞɧɟɝɨ 𝜑ˊ𝑖 ɫɜɟɫɨɜ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ 
 𝜑˒𝑖 = 𝜑˒𝑖′ − ߙ𝑖,             (3.8) 
 
ɢ 
 𝜑ˊ𝑖 = 𝜑ˊ𝑖′ − ߙ𝑖,             (3.9) 
 
Ⱦɥɹ ɤɚɠɞɨɝɨ i-ɝɨ ɡɚɱɟɬɧɨɝɨ ɢɡɦɟɪɟɧɢɹ. 
ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɜ ɰɟɧɬɪɟ ɦɚɫɫ 
ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ 
 𝜑 = 𝜑˒∙𝑙మ+𝜑య∙𝑙భ𝑙భ+𝑙మ ,            (3.10) 
 
ɝɞɟ 𝑙ଵ − ɪɚɫɫɬɨɹɧɢɟ  ɨɬ ɩɟɪɟɞɧɟɝɨ ɫɟɱɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɜɨɞɹɬ ɢɡɦɟɪɟɧɢɟ ɤɪɟɧɚ, ɞɨ ɰɟɧɬɪɚ ɦɚɫɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ; 
 𝑙ଶ −  ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɡɚɞɧɟɝɨ ɫɟɱɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɜɨɞɹɬ ɢɡɦɟɪɟɧɢɟ ɤɪɟɧɚ, ɞɨ ɰɟɧɬɪɚ ɦɚɫɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 
 Ⱦɥɹ ɨɞɧɨɨɫɧɵɯ ɩɪɢɰɟɩɨɜ ɭɝɥɵ ɤɪɟɧɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ (3.7) ɢ 
(3.8). 
 Ɋɟɡɭɥɶɬɚɬɚɦɢ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɸɬɫɹ: 
- ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ߙ˔˖ , ɩɪɢ ɤɨɬɨɪɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɨɬɪɵɜ ɤɨɥɟɫ ɨɞɧɨɣɫɬɨɪɨɧɵ ȺɌɋ (ɡɜɟɧɚ ɚɜɬɨɩɨɟɡɞɚ) ɨɬ 
ɩɥɚɬɮɨɪɦɵ; 
- ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɤɪɟɧɚ 𝜑ˍɜ ɬɨɬ ɠɟ ɦɨɦɟɧɬ [4]. 
 ȼ ɉɪɨɬɨɤɨɥɟ ɢɫɩɵɬɚɧɢɣ ɞɟɥɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɡɚɩɢɫɶ (ɬɚɛɥɢɰɚ 3.2) . 
 
Ɍɚɛɥɢɰɚ 3.2 – ɋɬɚɬɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ «ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɧɚ 
ɫɬɟɧɞɟ» 
ɉɨɤɚɡɚɬɟɥɶ ɇɨɪɦɚɬɢɜɧɨɟ ɬɪɟɛɨɜɚɧɢɟ 
Ɋɟɡɭɥɶɬɚɬ 
ɢɫɩɵɬɚɧɢɹ 
ȼɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ h, ɦɦ -  
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ qs -  
ɍɝɨɥ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɧɚ ɫɬɟɧɞɟ ߙ,°, ɧɟ ɦɟɧɟɟ   
ɍɝɨɥ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ 
ɦɚɫɫ 𝜑 ɩɪɢ ɨɩɪɨɤɢɞɵɜɚɧɢɢ, °, 
ɧɟ ɛɨɥɟɟ 
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 3.2 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɚɬɟɧɬɭ № 2573028 
 
 Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɜɵɹɜɥɟɧɢɸ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɩɪɟɞɥɚɝɚɟɦɨɦ ɦɟɬɨɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ ɧɚɝɪɭɠɟɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚ ɧɚɤɥɨɧɧɨɣ ɩɥɚɬɮɨɪɦɟ, ɭɫɥɨɜɧɨ ɩɨɦɟɳɟɧɧɚɹ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ (ɪɢɫɭɧɨɤ 3.5), ɫ ɡɚɦɟɧɨɣ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɢɥ 
ɜɧɟɲɧɟ ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɤɭɡɨɜɭ ɚɜɬɨɦɨɛɢɥɹ ɫɢɥɨɣ, ɫɨɡɞɚɸɳɟɣ 
ɨɩɪɨɤɢɞɵɜɚɸɳɢɣ ɦɨɦɟɧɬ, ɚɧɚɥɨɝɢɱɧɵɣ ɦɨɦɟɧɬɭ ɧɚ ɧɚɤɥɨɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ. ɋɢɥɚ ɫɨɡɞɚɟɬɫɹ 
ɥɟɛɟɞɤɨɣ ɞɨ ɦɨɦɟɧɬɚ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɚɜɬɨɦɨɛɢɥɹ ɨɬ ɨɩɨɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ. 
 
 
Ɋɢɫɭɧɨɤ 3.5 – ɋɯɟɦɚ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
 
 ȼɟɥɢɱɢɧɚ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ ɫ 
ɭɱɟɬɨɦ ɤɪɟɧɚ ɤɭɡɨɜɚ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ (2.1).  
 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ߙ˔˖  ɫ ɭɱɟɬɨɦ ɤɪɟɧɚ ɤɭɡɨɜɚ ɤ ɬɪɚɧɫɩɨɪɬɧɨɦɭ 
ɫɪɟɞɫɬɜɭ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɨɩɪɨɤɢɞɵɜɚɸɳɢɣ ɦɨɦɟɧɬ, ɞɥɹ ɱɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ: ɥɟɛɟɞɤɚ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɞɨ 2 ɬɨɧɧ, ɫɢɥɨɜɵɟ 
ɤɚɩɪɨɧɨɜɵɟ ɫɬɪɨɩɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬɭɤ, ɤɪɟɩɟɠɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ 
(ɚɧɤɟɪɧɵɣ ɛɨɥɬ), ɤɚɪɚɛɢɧɵ, ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ: ɥɢɧɟɣɤɚ, ɭɪɨɜɟɧɶ, ɜɟɫɵ 
ɩɥɚɬɮɨɪɦɟɧɧɵɟ ɚɜɬɨɦɨɛɢɥɶɧɵɟ.  
ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ:  
 1) Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɩɟɪɟɱɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɢ ɜɵɫɨɬɵ h ɰɟɧɬɪɚ ɦɚɫɫ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ.  
 2) Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ ɤɪɟɧɚ φ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ (ɤɭɡɨɜɚ) 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɨ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ. 
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 ȼ ɯɨɞɟ ɢɫɩɵɬɚɧɢɣ ɚɜɬɨɦɨɛɢɥɶ ɜɡɜɟɲɢɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 
ɩɥɚɬɮɨɪɦɟɧɧɵɯ ɜɟɫɨɜ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɝɪɭɡɤɚ ɧɚ ɤɚɠɞɭɸ ɨɫɶ ɢ ɫɬɨɪɨɧɭ 
ɚɜɬɨɦɨɛɢɥɹ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ 
ɦɚɫɫ ɜ ɩɪɨɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ ɩɥɨɫɤɨɫɬɢ.  
 ɉɨɩɟɪɟɱɧɚɹ ɤɨɨɪɞɢɧɚɬɚ ɰɟɧɬɪɚ ɦɚɫɫ (3.12) 
 ˔ = ீ೙ீ𝑎 ∙ ܾ,          (3.11) 
 
ɝɞɟ ܩ𝑛– ɫɢɥɚ ɬɹɠɟɫɬɢ ɫ ɩɪɚɜɨɣ ɫɬɨɪɨɧɵ ɚɜɬɨɦɨɛɢɥɹ; ܩ௔– ɫɢɥɚ ɬɹɠɟɫɬɢ ɚɜɬɨɦɨɛɢɥɹ; 
 ܾ –ɤɨɥɟɹ ɤɨɥɟɫ, ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɟɝɨ ɰɟɧɬɪ ɦɚɫɫ, ɦɦ. 
 ɉɨɫɥɟ ɱɟɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɚɜɬɨɦɨɛɢɥɹ hц ɦɟɬɨɞɨɦ 
ɜɡɜɟɲɢɜɚɧɢɹ. Ɉɞɧɚ ɢɡ ɫɬɨɪɨɧ ȺɌɋ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɜɟɫɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɢɡɦɟɧɟɧɢɣ ɧɚɝɪɭɡɤɢ ɩɨɞ ɤɨɥɟɫɚɦɢ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɚɹ ɫɬɨɪɨɧɚ ɚɜɬɨɦɨɛɢɥɹ 
ɩɨɞɧɢɦɚɟɬɫɹ ɧɚ ɡɚɞɚɧɧɵɣ ɭɝɨɥ, ɫɨɡɞɚɜɚɹ ɬɟɦ ɫɚɦɵɦ ɫɦɟɳɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ 
ɰɟɧɬɪɚ ɦɚɫɫ ɜ ɩɨɩɟɪɟɱɧɨɣ ɩɥɨɫɤɨɫɬɢ. 
 ɋɦɟɳɟɧɢɟ ɩɨɩɟɪɟɱɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɢ ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɚɜɬɨɦɨɛɢɥɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɭɪɚɜɧɟɧɢɹ (3.12) ɢ (3.13): 
 
 ܿ′ = ீ′೙ீ𝑎 ∙ ܾ,            (3.12) 
 
 ℎц = ܿ ∙ ܿݐ݃ߚ ቀீ′೙ீ೙ − ͳቁ + ݎ,         (3.13) 
 
ɝɞɟ r – ɤɥɢɪɟɧɫ, ɦɦ; 
 ߚ–ɭɝɨɥ ɧɚɤɥɨɧɚ ɚɜɬɨɦɨɛɢɥɹ ɧɚɞ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 
 ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɹ ɧɚ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɚɜɬɨɦɨɛɢɥɹ ɡɚɤɥɸɱɚɥɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ ɭɝɥɚ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ. Ɉɞɧɚ 
ɫɬɨɪɨɧɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚɝɪɭɠɚɟɬɫɹ ɛɨɤɨɜɨɣ ɫɢɥɨɣ, ɩɪɢɥɨɠɟɧɧɨɣ ɤ 
ɤɭɡɨɜɭ ɢ ɫɨɡɞɚɜɚɟɦɨɣ ɥɟɛɟɞɤɨɣ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɨɝɥɚɫɧɨ ɫɯɟɦɟ 
ɪɢɫɭɧɤɚ 3.6. ɉɨɞ ɛɨɤɨɜɵɟ ɤɨɥɟɫɚ ɚɜɬɨɦɨɛɢɥɹ ɫɨ ɫɬɨɪɨɧɵ ɩɪɢɥɚɝɚɟɦɨɣ ɫɢɥɵ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɭɩɨɪɵ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɦɟɳɟɧɢɹ ɟɝɨ ɜ ɩɨɩɟɪɟɱɧɨɣ 
ɩɥɨɫɤɨɫɬɢ. Ⱥɜɬɨɦɨɛɢɥɶ ɧɚɝɪɭɠɚɟɬɫɹ ɫɢɥɨɣ, ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɤɭɡɨɜɭ, ɞɨ 
ɦɨɦɟɧɬɚ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɬ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ 
ɷɬɨɦ ɩɨɥɨɠɟɧɢɢ ɮɢɤɫɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɜɵɫɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɦɟɬɨɤ ɧɚ 
ɤɭɡɨɜɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ (ɪɢɫɭɧɤɢ 3.5 ɢ 3.6), ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɭɝɨɥ ɤɪɟɧɚ φ ɤɭɡɨɜɚ ɚɜɬɨɦɨɛɢɥɹ. 
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Ɋɢɫɭɧɨɤ 3.6 – ɉɨɥɨɠɟɧɢɟ ɦɟɬɨɤ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɤɭɡɨɜɚ 
 
 ɋɨɜɦɟɫɬɢɜ ɞɜɟ ɬɨɱɤɢ ɧɚ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ ɤɭɡɨɜɚ ɫ ɞɜɭɦɹ ɫɢɦɦɟɬɪɢɱɧɵɦɢ 
ɢɦ ɬɨɱɤɚɦɢ ɧɚ ɡɚɞɧɟɣ ɱɚɫɬɢ ɤɭɡɨɜɚ (ɪɢɫɭɧɨɤ 3.6) ɢ ɩɨɫɬɪɨɢɜ ɫɯɟɦɭ ɩɨɜɨɪɨɬɚ 
ɥɢɧɢɢ (ɨɬɪɟɡɨɤ Ⱥȼ ɧɚ ɪɢɫɭɧɤɟ 3.7), ɫɨɟɞɢɧɹɸɳɟɣ ɷɬɢ ɬɨɱɤɢ, ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ 
ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɚɜɬɨɦɨɛɢɥɹ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ,ɩɪɢ ɩɨɜɨɪɨɬɟ 
ɤɭɡɨɜɚ ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɧɟɦɭ ɫɢɥɨɣ ɰɟɧɬɪ ɩɨɜɨɪɨɬɚ ɨɬɪɟɡɤɚ AB ɬɨɠɟ 
ɫɦɟɫɬɢɬɫɹ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ ɜ ɫɬɨɪɨɧɭ ɤɪɟɧɚ. ȼɵɪɚɠɚɟɬɫɹ ɭɝɨɥ ɤɪɟɧɚ 
ɤɭɡɨɜɚ φ ɢɡ ɞɜɭɯ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ Ⱥ1Ⱥ2Ɇ ɢ ȼ1ȼ2Ɇ, 
ɩɨɥɭɱɢɜɲɢɯɫɹ ɜ ɯɨɞɟ ɩɨɜɨɪɨɬɚ ɨɬɪɟɡɤɚ Ⱥȼ: 
 sinሺ𝜑ሻ = ஺భ஺మ஺భ𝑀            (3.14) 
 sinሺ𝜑ሻ = ஻భ஻మ஻భ𝑀 .            (3.15) 
 
 ȼɡɹɜ ɞɥɢɧɭ ɨɬɪɟɡɤɚ А1М ɡɚ x ɢ ɩɪɢɪɚɜɧɹɜ ɜɵɪɚɠɟɧɢɹ (3.145 ɢ 3.15), ɧɚɯɨɞɢɬɫɹ ɢɫɤɨɦɚɹ ɜɟɥɢɱɢɧɚ (3.15), ɚ ɨɬɪɟɡɨɤ ȼ1Ɇ ɤɚɤ (y – x), ɝɞɟ y – ɫɪɟɞɧɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɦɟɬɤɚɦɢ ɧɚ ɤɭɡɨɜɟ ɚɜɬɨɦɨɛɢɥɹ: 
 ஺భ஺మ𝑥 = ஻భ஻మ஺భ஻భ−𝑥 ⇒ 𝑥 = ஺భ஺మ∙஺భ஻భ஺భ஺మ+஻భ஻మ        (3.16) 
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Ɋɢɫɭɧɨɤ 3.7 – ɋɦɟɳɟɧɢɟ ɬɨɱɟɤ ɧɚ ɤɭɡɨɜɟ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɟɝɨ ɤɪɟɧɟ 
 
 Ɂɚɬɟɦ ɩɨ ɢɦɟɸɳɢɦɫɹ ɞɚɧɧɵɦ ɜɵɱɢɫɥɹɟɬɫɹ ɭɝɨɥ ɤɪɟɧɚ ɤɭɡɨɜɚ 
ɚɜɬɨɦɨɛɢɥɹ, ɜ ɤɨɬɨɪɵɣ ɛɵɥ ɜɤɥɸɱɟɧ ɭɝɨɥ ɤɪɟɧɚ ɚɜɬɨɦɨɛɢɥɹ ɜɫɥɟɞɫɬɜɢɟ 
ɪɚɞɢɚɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɲɢɧ.  
 Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɩɨɩɟɪɟɱɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɩɨ ɮɨɪɦɭɥɟ (2.1). ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɟɥɢɱɢɧɵ ɭɝɥɚ αɫ.у ɧɨɪɦɚɬɢɜɧɵɦ ɡɧɚɱɟɧɢɹɦ αн ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɜɫɟɯ ɤɚɬɟɝɨɪɢɣ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ qs (ɮɨɪɦɭɥɚ 3.18), ɤɚɠɞɨɦɭ ɡɧɚɱɟɧɢɸ ɤɨɬɨɪɨɝɨ (ɛɨɥɶɲɟ ɢɥɢ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ ɡɚɜɢɫɢɦɨɫɬɶ αн = f (qs): 
 ݍ௦ = ଴,ହ௕ℎц           (3.17) 
 
ɩɪɢ Ͳ,ͷͷ ൑ ݍ௦ ൑1,0 ߙː = ሺ−ʹ,Ͷ + Ͷʹ,Ͷݍ௦ሻ°    (3.18) ɩɪɢ ݍ௦ >1,0  ߙː = ሺͳͷ + ʹͷݍ௦ሻ°    (3.19) ɩɪɢ ݍ௦ <1,0  ߙː = ʹͳ°      (3.20) 
 
 Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɤɪɟɧɚ φ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɜ 
ɰɟɧɬɪɟ ɦɚɫɫ ȺɌɋ, ɩɨɥɭɱɟɧɧɨɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɵɬɚɧɢɣ, ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 
ɩɪɟɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ φн, ɡɚɞɚɧɧɵɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ qs. ɉɪɢ ɷɬɨɦ ȺɌɋ ɜɫɟɯ ɤɚɬɟɝɨɪɢɣ ɪɚɡɞɟɥɟɧɵ ɧɚ ɞɜɟ ɝɪɭɩɩɵ, ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ ɡɚɜɢɫɢɦɨɫɬɶ φн = f (qs): 
 
ɩɪɢ ݍ௦ ൑1,0  𝜑ː = ሺͳͲ,ͺ − Ͷ,͵ݍ௦ሻ°    (3.21) ɩɪɢ ݍ௦ >1,0  𝜑ː = ͸,ͷ°      (3.22) 
 
Ʉɪɢɬɟɪɢɟɦ ɫɨɨɬɜɟɬɫɬɜɢɹ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɚ ɹɜɥɹɟɬɫɹ 
ɭɫɥɨɜɢɟ 
 𝜑 ൑ 𝜑ː          (3.23) 
 
ɝɞɟ 𝜑ː – ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɤɪɟɧɚ ɩɨ ȽɈɋɌ Ɋ 52302-2004 [5]. 
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3.3 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɫɩɨɫɨɛɭ  
 
 ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɹɬ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɬɢɜ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɩɪɢ ɧɚɤɥɨɧɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɞɨ 
ɜɟɥɢɱɢɧɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɨɠɟɧɢɟ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, 
ɬ.ɟ. ɩɨɥɨɠɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɫɹ ɦɚɫɫɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
ɨɞɧɭ ɟɝɨ ɫɬɨɪɨɧɭ. 
 ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɹɬ ɧɚ ɫɬɟɧɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯɫɬɨɟɱɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ, ɩɥɚɬɮɨɪɦɟɧɧɵɯ ɜɟɫɨɜ, ɚ ɬɚɤɠɟ ɧɟɩɨɞɜɢɠɧɨɣ 
ɩɥɚɬɮɨɪɦɵ ɢ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɨɫɧɚɳɟɧɧɨɣ ɜɵɲɟɭɩɨɦɹɧɭɬɵɦɢ 
ɜɟɫɚɦɢ. ɂɫɩɵɬɭɟɦɨɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɩɥɚɬɮɨɪɦɚɯ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɟɝɨ ɩɪɨɞɨɥɶɧɚɹ ɨɫɶ ɛɵɥɚ ɩɚɪɚɥɥɟɥɶɧɚ ɨɫɢ ɩɨɜɨɪɨɬɚ 
ɩɥɚɬɮɨɪɦɵ ɢ ɨɞɧɚ ɫɬɨɪɨɧɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɢɯɨɞɢɥɚɫɶ ɧɚ 
ɧɟɩɨɞɜɢɠɧɭɸ ɩɥɚɬɮɨɪɦɭ, ɚ ɞɪɭɝɚɹ ɧɚ ɩɨɞɜɢɠɧɭɸ ɩɥɚɬɮɨɪɦɭ. ɍɩɪɚɜɥɹɟɦɵɟ 
ɤɨɥɟɫɚ ȺɌɋ ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɨɥɨɠɟɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ ɞɜɢɠɟɧɢɸ. ɋɬɨɹɧɨɱɧɵɣ ɬɨɪɦɨɡ ɩɪɢ ɷɬɨɦ ɞɨɥɠɟɧ ɛɵɬɶ 
ɜɤɥɸɱɟɧ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɤɚɬɵɜɚɧɢɹ 
ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ  ɢ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɬɪɚɯɨɜɨɱɧɚɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɛɥɨɤɨɜ 
ɢ ɫɬɪɚɯɨɜɨɱɧɨ-ɫɩɚɫɚɬɟɥɶɧɵɯ ɤɚɧɚɬɨɜ. 
 ɇɚɤɥɨɧ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ 
ɞɜɭɯɫɬɨɟɱɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ ɢ ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɫɬɪɨɩ, ɤɢɧɟɦɚɬɢɱɟɫɤɢ 
ɫɜɹɡɚɧɧɵɯ ɫ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɪɟɞɫɬɜɨɦ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ 
0,5°/ɫ, ɞɨ ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɢɫɩɵɬɭɟɦɵɦ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɪɟɞɫɬɜɨɦ 
ɩɨɥɨɠɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. Ɇɨɦɟɧɬ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɥɚɬɮɨɪɦɟɧɧɵɯ ɜɟɫɨɜ, ɤɨɬɨɪɵɟ 
ɩɨɤɚɠɭɬ ɩɨɥɧɭɸ ɦɚɫɫɭ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 Ɂɚɬɟɦ ɫɬɟɧɞ ɜɨɡɜɪɚɳɚɸɬ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. 
 ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ɢɡɦɟɪɹɸɬ ɢ ɪɟɝɢɫɬɪɢɪɭɸɬ: 
 - ɭɝɨɥ ɧɚɤɥɨɧɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ߙ𝑖); 
 - ɭɝɥɵ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɜ ɡɨɧɚɯ 
ɩɟɪɟɞɧɟɝɨ  𝜑˒ ɢ ɡɚɞɧɟɝɨ 𝜑ଷ  ɫɜɟɫɨɜ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɦɟɫɬɚɯ, ɭɞɨɛɧɵɯ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 
 ɉɪɢ ɩɨɥɨɠɟɧɢɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɭɝɥɭ 
ɨɩɪɨɤɢɞɵɜɚɧɢɹ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɡɦɟɪɹɸɬ ɛɨɤɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ ɲɢɧ ɤɚɠɞɨɣ 
ɢɡ ɨɫɟɣ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 Ȼɨɤɨɜɵɟ ɞɟɮɨɪɦɚɰɢɢ ɲɢɧɵ ∆˛ ɨɫɢ ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ ɪɚɡɧɢɰɭ ɞɜɭɯ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ ɞɢɫɤɨɦ ɤɨɥɟɫɚ ɢ ɜɧɟɲɧɟɣ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɧɟɩɨɞɜɢɠɧɨɝɨ ɭɩɨɪɚ, ɢɡɦɟɪɟɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɥɚɬɮɨɪɦɵ. 
 ɂɡɦɟɪɟɧɢɟ ɩɪɨɢɡɜɨɞɹɬ ɜ ɧɚɱɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɢ ɩɨɥɨɠɟɧɢɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɭɝɥɭ ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 
 Ɋɟɡɭɥɶɬɚɬɚɦɢ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɤɪɟɧɚ 𝜑ˍ   ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɜ ɩɨɥɨɠɟɧɢɢ 
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ɧɟɭɫɬɨɣɱɢɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. Ʉɨɬɨɪɨɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ 
ɩɨ ɮɨɪɦɭɥɟ 2.1 ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ߙ˔˖ , ɩɪɢ ɤɨɬɨɪɨɦ 
ɩɪɨɢɫɯɨɞɢɬ ɞɨɫɬɢɠɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɪɟɞɫɬɜɨɦ ɩɨɥɨɠɟɧɢɹ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ. 
 . 
 
 ȼɵɜɨɞɵ ɩɨ ɬɪɟɬɟɣ ɝɥɚɜɟ 
 
 ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɢɤɢ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɬɪɟɦ ɫɩɨɫɨɛɚɦ, ɚ  
ɢɦɟɧɧɨ: 
 - ɦɟɬɨɞ, ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɣ ȽɈɋɌ 31507-2012; 
 - ɦɟɬɨɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɩɚɬɟɧɬɟ № 2573028; 
 - ɩɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɩɨ ɩɚɬɟɧɬɭ № 2693140. 
 Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɷɬɢɯ ɦɟɬɨɞɢɤ, ɚ ɬɚɤɠɟ 
ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɬɨɞɵ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɩɨ ɤɚɠɞɨɣ ɢɡ ɦɟɬɨɞɢɤ. 
  
60 
 
 4 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ 
ɦɟɬɨɞɨɜ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ 
 
4.1 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 
 
ȼ ɪɚɦɤɚɯ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɟɫɬɢ 
ɢɫɩɵɬɚɧɢɹ ɩɨ ɞɜɭɦ ɦɟɬɨɞɚɦ: ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɛɵɥɨ 
ɢɫɩɵɬɚɧɨ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ȽɈɋɌ 31507-2012 (ɉɨɩɟɪɟɱɧɚɹ 
ɫɬɚɬɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ «ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɧɚ ɫɬɟɧɞɟ»); ɧɚ 
ɜɬɨɪɨɦ ɷɬɚɩɟ ȺɌɋ ɢɫɩɵɬɵɜɚɥɨɫɶ ɩɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɦɟɬɨɞɢɤɟ ɛɟɡ 
ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ ɫɬɟɧɞɚ, ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ [6] ɧɚ ɨɩɨɪɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɪɢɥɨɠɟɧɢɟ ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ ɭɫɢɥɢɹ.  
ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɩɵɬɚɧɢɣ ɛɵɥɨ ɜɵɛɪɚɧɨ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ 
ɤɚɬɟɝɨɪɢɢ Ɇ1, (Volkswagen-Transporter). ɇɟɨɛɯɨɞɢɦɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɞɚɧɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.1 
 
Ɍɚɛɥɢɰɚ 4.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɜɬɨɦɨɛɢɥɹ Volkswagen-Transporter 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ʉɨɥɟɫɧɚɹ ɮɨɪɦɭɥɚ 4 ɯ 2 
Ȼɚɡɚ, ɦɦ 3000 
Ʉɨɥɟɹ ɩɟɪɟɞ/ɡɚɞɧɢɣ, ɦɦ 1628 
ɋɧɚɪɹɠɟɧɧɚɹ ɦɚɫɫɚ, ɤɝ 1850 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɪɟɲɟɧɧɚɹ 
(ɩɨɥɧɚɹ), ɤɝ 2600 
Ɇɚɫɫɚ ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 
ɩɟɪɟɞɧɸɸ ɨɫɶ, ɤɝ 1480 
Ɇɚɫɫɚ ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 
ɡɚɞɧɸɸ ɨɫɶ, ɤɝ 1350 
ɉɟɪɟɞɧɹɹ ɩɨɞɜɟɫɤɚ ɧɟɡɚɜɢɫɢɦɚɹ, ɩɪɭɠɢɧɧɚɹ, ɬɢɩɚ Ɇɚɤɮɟɪɫɨɧ, ɫɨ ɫɬɚɛɢɥɢɡɚɬɨɪɨɦ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 
Ɂɚɞɧɹɹ ɩɨɞɜɟɫɤɚ ɧɟɡɚɜɢɫɢɦɚɹ, ɩɪɭɠɢɧɧɚɹ, ɪɵɱɚɠɧɚɹ, ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɬɟɥɟɫɤɨɩɢɱɟɫɤɢɦɢ ɚɦɨɪɬɢɡɚɬɨɪɚɦɢ. 
 
ɂɫɩɵɬɚɧɢɹ ɧɚ ɨɩɪɨɤɢɞɵɜɚɸɳɟɦ ɫɬɟɧɞɟ. ɉɪɢɦɟɧɹɟɦɵɟ ɫɪɟɞɫɬɜɚ 
ɢɡɦɟɪɟɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
- ɜɟɫɵ ɚɜɬɨɦɨɛɢɥɶɧɵɟ CAS10RW-2601P №06043115; 
- ɫɬɟɧɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ Ɍɋ: ɋɈ-1; 
- ɤɜɚɞɪɚɧɬ ɨɩɬɢɱɟɫɤɢɣ ɄɈ-60Ɇ; 
- ɪɭɥɟɬɤɚ ɢɡɦɟɪɢɬɟɥɶɧɚɹ; 
- ɦɟɬɟɨɦɟɬɪ Ɇɗɋ 200; 
- ɦɚɧɨɦɟɬɪ ɲɢɧɧɵɣ. 
ɂɫɩɵɬɭɟɦɨɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɭɫɬɚɧɚɜɥɢɜɚɥɨɫɶ ɧɚ ɨɩɨɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɚɬɮɨɪɦɵ ɫɬɟɧɞɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɟɝɨ ɩɪɨɞɨɥɶɧɚɹ ɨɫɶ 
ɛɵɥɚ ɩɚɪɚɥɥɟɥɶɧɚ ɨɫɢ ɩɨɜɨɪɨɬɚ ɩɥɚɬɮɨɪɦɵ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɛɨɤɨɜɨɝɨ 
ɫɤɨɥɶɠɟɧɢɹ ɧɚ ɨɩɪɨɤɢɞɵɜɚɟɦɭɸ ɫɬɨɪɨɧɭ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ 
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ɮɢɤɫɢɪɨɜɚɥɨɫɶ ɫɩɟɰɢɚɥɶɧɵɦɢ ɭɩɨɪɧɵɦɢ ɛɪɭɫɶɹɦɢ, ɜɯɨɞɹɳɢɦɢ ɜ ɤɨɦɩɥɟɤɬ 
ɫɬɟɧɞɚ (ɪɢɫɭɧɤɢ4.1 ɢ 4.2).  Ⱥ ɫ ɜɧɟɲɧɟɣ (ɫ ɨɩɪɨɤɢɞɵɜɚɟɦɨɣ) ɫɬɨɪɨɧɵ 
ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɮɢɤɫɢɪɨɜɚɥɨɫɶ ɫɬɪɚɯɨɜɨɱɧɵɦɢ ɰɟɩɹɦɢ, 
ɢɫɤɥɸɱɚɸɳɢɦɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɝɨ ɨɩɪɨɤɢɞɵɜɚɧɢɹ Ɍɋ.  
ɉɨɫɥɟ ɱɟɝɨ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɚɤɥɨɧ ɩɥɚɬɮɨɪɦɵ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ, ɧɟ 
ɩɪɟɜɵɲɚɸɳɟɣ 0,5 ̊/ɫ, ɞɨ ɨɬɪɵɜɚ ɨɞɧɨɝɨ, ɚ ɡɚɬɟɦ ɜɫɟɯ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫɭɧɤɢ 4.3 ɢ 4.4). 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ «ɨɩɪɨɤɢɞɵɜɚɧɢɟ ɧɚ ɫɬɟɧɞɟ» ɩɨ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 
31507-2012, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2.  
 
 
 
Ɋɢɫɭɧɨɤ 4.1 – Ɍɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɧɚ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɟ 
(ɜɢɞ ɫɩɟɪɟɞɢ) 
 
 
 
Ɋɢɫɭɧɨɤ 4.2 – Ɍɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɧɚ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɟ 
(ɜɢɞ ɫɥɟɜɚ) 
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Ɋɢɫɭɧɨɤ 4.3 – Ɍɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɧɚ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɟ ɜ 
ɩɨɥɨɠɟɧɢɢ, ɜ ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɪɵɜ ɨɛɨɢɯ ɤɨɥɟɫ ɨɞɧɨɣ 
 ɫɬɨɪɨɧɵ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɜɢɞ ɫɩɟɪɟɞɢ) 
 
 
 
Ɋɢɫɭɧɨɤ 4.4 – Ɍɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɧɚ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɟ ɜ 
ɩɨɥɨɠɟɧɢɢ, ɜ ɤɨɬɨɪɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɪɵɜ ɨɛɨɢɯ ɤɨɥɟɫ ɨɞɧɨɣ 
 ɫɬɨɪɨɧɵ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɜɢɞ ɫɥɟɜɚ) 
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Ɍɚɛɥɢɰɚ 4.2 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ  
ɉɨɤɚɡɚɬɟɥɢ ɉɨɤɚɡɚɧɢɹ 
ɇɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ Ʉɨɧɟɱɧɵɟ ɡɧɚɱɟɧɢɹ 
ɍɝɨɥ ɧɚɤɥɨɧɚ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ ɩɥɚɬɮɨɪɦɵ, αɩ 0°9' 48°0' 
ɍɝɨɥ ɧɚɤɥɨɧɚ ɡɚɞɧɟɣ ɱɚɫɬɢ ɩɥɚɬɮɨɪɦɵ, αɡ 0°33' 48°40' 
ɍɝɨɥ ɧɚɤɥɨɧɚ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ Ɍɋ, φɩ 0°4' 50°40' 
ɍɝɨɥ ɧɚɤɥɨɧɚ ɡɚɞɧɟɣ ɱɚɫɬɢ Ɍɋ, φɡ 0°10' 50°9' 
ɍɜɨɞ ɩɟɪɟɞɧɢɯ ɤɨɥɟɫ, ɦɦ 0 45 
ɍɜɨɞ ɡɚɞɧɢɯ ɤɨɥɟɫ, ɦɦ 0 30 
 
Ɋɟɡɭɥɶɬɚɬɨɦ ɢɫɩɵɬɚɧɢɣ ȺɌɋ Volkswagen-Transporter ɧɚ 
ɨɩɪɨɤɢɞɵɜɚɸɳɟɦ ɫɬɟɧɞɟ ɹɜɥɹɟɬɫɹ:  
(α) – ɭɝɨɥ ɧɚɤɥɨɧɚ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɜɧɵɣ 48°20'; 
(φ) – ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɦɚɫɫɵ ȺɌɋ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɜɧɵɣ 2˚4’.            
ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜ (α ɢ φ) ɛɭɞɭɬ ɫɥɭɠɢɬɶ ɷɬɚɥɨɧɨɦ ɧɚ ɜɬɨɪɨɦ 
ɷɬɚɩɟ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɚ 
ɨɩɨɪɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  
ɂɫɩɵɬɚɧɢɹ ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ ɫɬɟɧɞɚ. 
ɉɪɢɦɟɧɹɟɦɵɟ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ: 
- ɜɟɫɵ ɚɜɬɨɦɨɛɢɥɶɧɵɟ CAS10RW-2601P №06043115; 
- ɩɨɞɴɟɦɧɢɤ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɩɥɚɬɮɨɪɦɟɧɧɵɣ; 
- ɤɜɚɞɪɚɧɬ ɨɩɬɢɱɟɫɤɢɣ ɄɈ-60Ɇ; 
- ɪɭɥɟɬɤɚ ɢɡɦɟɪɢɬɟɥɶɧɚɹ; 
- ɥɢɧɟɣɤɚ ɢɡɦɟɪɢɬɟɥɶɧɚɹ; 
- ɦɟɬɟɨɦɟɬɪ Ɇɗɋ 200; 
- ɦɚɧɨɦɟɬɪ ɲɢɧɧɵɣ. 
ɂɡɦɟɪɟɧɢɟ ɜɟɥɢɱɢɧɵ φ – ɭɝɥɚ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ 
ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɜɵɫɨɬ ɫɢɦɦɟɬɪɢɱɧɵɯ ɦɟɬɨɤ ɪɚɡɦɟɳɚɟɦɵɯ ɧɚ 
ɤɭɡɨɜɟ ɢɫɩɵɬɭɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ, 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɥɟɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ȼɵɫɨɬɵ ɦɟɬɨɤ ɮɢɤɫɢɪɭɸɬɫɹ ɜ 
ɢɫɯɨɞɧɨɦ ɩɨɥɨɠɟɧɢɢ ȺɌɋ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ 
ɩɨɥɨɠɟɧɢɢ, ɤɨɝɞɚ ɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɩɪɨɤɢɞɵɜɚɸɳɟɝɨ 
ɦɨɦɟɧɬɚ ɨɬɪɵɜɚɟɬɫɹ ɤɨɥɟɫɚɦɢ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ ɩɨɜɨɪɨɬɚ ɥɢɧɢɢ (ɨɬɪɟɡɨɤ АВ, 
ɪɢɫɭɧɨɤ 4.5), ɫɨɟɞɢɧɹɸɳɟɣ ɷɬɢ ɬɨɱɤɢ, ɜ ɦɨɦɟɧɬ ɨɬɪɵɜɚ ɤɨɥɟɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ 
ɚɜɬɨɦɨɛɢɥɹ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬ ɡɚɦɟɪɚ ɜɵɫɨɬ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
ɬɚɛɥɢɰɟ 4.3.  Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɛɭɞɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜɟɥɢɱɢɧɵ, 
ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɧɢɰɵ ɦɟɠɞɭ ɤɨɧɟɱɧɵɦ ɢ ɧɚɱɚɥɶɧɵɦ 
ɩɨɥɨɠɟɧɢɹɦɢ. 
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Ɍɚɛɥɢɰɚ 4.3 – Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɚ ɜɵɫɨɬ ɜɟɪɯɧɟɣ ɬɨɱɤɢ ɤɨɥɟɫɧɵɯ ɚɪɨɤ ɤɭɡɨɜɚ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ, ɦɦ ɂɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ Ɉɬɪɵɜ ɨɛɨɢɯ ɤɨɥɟɫ ɩɪɚɜɨɝɨ ɛɨɪɬɚ 
ɉɟɪɟɞɧɟɟ ɥɟɜɨɟ ɤɨɥɟɫɨ 208 281 
ɉɟɪɟɞɧɟɟ ɩɪɚɜɨɟ ɤɨɥɟɫɨ 204 236 
Ɂɚɞɧɟɟ ɥɟɜɨɟ ɤɨɥɟɫɨ 225 270 
Ɂɚɞɧɟɟ ɩɪɚɜɨɟ ɤɨɥɟɫɨ 218 228 
 
ɉɪɢ ɩɨɜɨɪɨɬɟ ɤɭɡɨɜɚ ɩɪɢɥɨɠɟɧɧɨɣ ɤ ɧɟɦɭ ɫɢɥɨɣ ɰɟɧɬɪ ɩɨɜɨɪɨɬɚ 
ɨɬɪɟɡɤɚ AB ɬɨɠɟ ɫɦɟɫɬɢɬɫɹ ɧɚ ɧɟɤɨɬɨɪɭɸ ɜɟɥɢɱɢɧɭ ɜ ɫɬɨɪɨɧɭ ɤɪɟɧɚ. ɍɝɨɥ 
ɤɪɟɧɚ ɤɭɡɨɜɚ φ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɢɡ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ 
ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɬɪɟɭɝɨɥɶɧɢɤɨɜ А1А2М ɢ В1В2М (ɪɢɫɭɧɨɤ 4.5) ɢɡ ɜɵɪɚɠɟɧɢɣ 
3.14-3.16.  
 
 
 Ɋɢɫɭɧɨɤ 4.5 – ɋɯɟɦɚ ɫɦɟɳɟɧɢɹ ɦɟɬɨɤ ɧɚ ɤɭɡɨɜɟ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɟɝɨ 
ɤɪɟɧɟ 
 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɜɵɪɚɠɟɧɢɣ 3.14-3.16, ɧɚɯɨɞɢɦ ɞɥɹ ɩɟɪɟɞɧɟɣ 
ɩɨɞɜɟɫɤɢ: 
 ଷଶ∙ଵ଼଴଴ଷଶ+଻ଷ = ͷͶͺ,͸ ˏˏ. 
 
Ɍɨɝɞɚ ɢɡ ɪɢɫɭɧɤɚ 4.5: 
 𝜑˒ = arcsin ቀ ଷଶହସ଼,଺ቁ = ͵,͵Ͷ°ɢɥɢ 3°20'. 
 
Ⱦɥɹ ɡɚɞɧɟɣ ɩɨɞɜɟɫɤɢ: 
 ଵ଴∙ଵ଼଴଴ଵ଴+ସହ = ͵ʹ͹,͵ ˏˏ. 
 
Ɍɨɝɞɚ ɢɡ ɪɢɫɭɧɤɚ 4.5: 
 𝜑ˊ = arcsinሺͳͲ/͵ʹ͹,͵ሻ = ͳ,͹Ͷ°ɢɥɢ 1°44'. 
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ɇɚɯɨɠɞɟɧɢɟ ɜɵɫɨɬɵ ɰɟɧɬɪɚ ɦɚɫɫ. ɇɚɯɨɞɢɦ h ɜɵɫɨɬɭ ɰɟɧɬɪɚ ɦɚɫɫ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɭɬɟɦ ɧɚɤɥɨɧɚ ɩɟɪɟɞɧɟɣ ɨɫɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɨɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɭɝɨɥ ɧɟ ɦɟɧɟɟ 20˚ ɢ ɮɢɤɫɢɪɭɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ 
ɦɟɠɞɭ ɨɫɹɦɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ (ɪɢɫɭɧɨɤ 4.6). Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɝɥɚɯ ɧɚɤɥɨɧɚ ɡɚɞɧɟɣ ɨɫɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 
 
Ɍɚɛɥɢɰɚ 4.4 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɝɥɚɯ ɧɚɤɥɨɧɚ ɡɚɞɧɟɣ 
ɨɫɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
ɍɝɨɥ ɧɚɤɥɨɧɚ Ɍɋ, ° 0°50’ 15°53’ 20°43’ 
ɇɚɝɪɭɡɤɚ ɧɚ ɨɫɶ, ɤɝ 1080 1160 1180 
 
 
 
 
Ɋɢɫɭɧɨɤ 4.6 – Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ ɜɵɫɨɬɵ ɰɟɧɬɪɚ ɦɚɫɫ ȺɌɋ ɩɭɬɟɦ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɨɤ ɦɟɠɞɭ ɨɫɹɦɢ ɩɪɨɞɨɥɶɧɨɦ ɧɚɤɥɨɧɟ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
 
h ɜɵɫɨɬɭ ɰɟɧɬɪɚ ɦɚɫɫ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɜɵɱɢɫɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
  ℎ = ݎ + ቀ ଵ௧𝑔௔ቁ ∙ ቀ𝑙ଵ − ܮ ∙ ௉𝑡೚𝑡𝑎𝑙−௉𝑓𝑟೚೙𝑡௉𝑡೚𝑡𝑎𝑙 ቁ,                           (4.1) 
 
ɝɞɟ  h – ɜɵɫɨɬɚ ɰɟɧɬɪɚ ɦɚɫɫ ɧɚɞ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɦɦ; 
r – ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɤɨɥɟɫɚ (320), ɦɦ; 
L– ɛɚɡɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ (3000), ɦɦ; 
l1– ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɟɪɟɞɧɟɣ ɨɫɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɞɨ ɰɟɧɬɪɚ ɦɚɫɫ ɜ ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɦɦ; 
Ptotal – ɩɨɥɧɚɹ ɦɚɫɫɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ (1810), ɤɝ;  
Pfront – ɩɨɤɚɡɚɧɢɹ ɜɟɫɨɜ ɩɨɞ ɡɚɞɧɟɣ ɨɫɶɸ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ (1080), ɤɝ. 
ɇɚɣɞɟɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɟɪɟɞɧɟɣ ɨɫɢ ɞɨ ɰɟɧɬɪɚ ɦɚɫɫ (l1) ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 4.4 ɢ ɜɵɪɚɠɟɧɢɹ 
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 𝑙ଵ ∙ ͳͲͺͲ = 𝑙ଶ ∙ ͹͵Ͳ = ሺܮ − 𝑙ଵሻ ∙ ͹͵Ͳ,          (4.2) 
 
Ɍɨ ɟɫɬɶ 
 𝑙ଵ = ଻ଷ଴∙ଷ଴଴଴ଵ଼ଵ଴ = ͳʹͳͲ ɦɦ. 
 
Ɉɬɫɸɞɚ 𝑙ଶ = ͳ͹ͻͲ ɦɦ. Ɂɧɚɱɟɧɢɟ ɭɝɥɚ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ ɩɪɢ ɨɬɪɵɜɟ ɤɨɥɟɫ ɥɟɜɨɣ 
ɫɬɨɪɨɧɵ ȺɌɋ ɨɬ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɜɟɞɟɧɧɨɟ ɤ ɰɟɧɬɪɭ ɦɚɫɫ ȺɌɋ 
ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 𝜑 = 𝜑˒∙𝑙మ+𝜑ˊ∙𝑙భ𝑙భ+𝑙మ ,         (4.3) 
 
Ɍɨ ɟɫɬɶ 
 𝜑 = ଷ°ଶ଴′∙ଵଶଵ଴+ଵ°ସସ′∙ଵ଻ଽ଴ଵଶଵ଴+ଵ଻ଽ଴ = ʹ°ʹʹ′. 
 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɜɵɱɢɫɥɹɟɦ ɜɵɫɨɬɭ ɰɟɧɬɪɚ ɦɚɫɫ (ɮɨɪɦɭɥɚ 4.1). 
 ℎ = ͵ʹͲ + ቀ ଵ௧𝑔ଶ଴°ସଷ′ቁ ∙ ቀͳʹͳͲ − ͵ͲͲͲ ∙ ଵ଼ଵ଴−ଵଵ଼଴ଵ଼ଵ଴ ቁ = ͸Ͷͺ,͸ ˏˏ. 
 
Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɩɪɢɜɟɞɟɧɧɨɝɨ ɦɟɬɨɞɚ ɢɫɩɵɬɚɧɢɣ ɧɚ 
ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɹɜɥɹɥɫɹ ɪɚɫɱɟɬ ɤɪɢɬɢɱɟɫɤɨɝɨ ɭɝɥɚ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ (2.1): 
 ߙ˔˖  =  ܽݎܿݐ݃ሺ଴,ହଵ଺ଶ଼଺ସ଼,଺ ሻ – ʹ˚ʹʹ’ = Ͷͻ˚ͷ’ . 
 ߙ˒ˑ Гʝʠʡ ଷଵହ଴଻−ଶ଴ଵଶ  =  Ͷͺ° ʹͲ′         ߙ˃ˎ˟˕ˈ˓ː˃˕ˋ˅ː˞ˏ ˏˈ˕ˑˇˑˏ =  Ͷͻ˚ͷ’ 
 𝜑˒ˑ Гʝʠʡ ଷଵହ଴଻−ଶ଴ଵଶ = ʹ˚Ͷ’             𝜑˃ˎ˟˕ˈ˓ː˃˕ˋ˅ː˞ˏ ˏˈ˕ˑˇˑˏ = ʹ˚ʹʹ’ 
 
 ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ 
ɪɚɫɯɨɠɞɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɩɨ ȽɈɋɌ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦ ɦɟɬɨɞɨɦ. 
Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ: 
 - ɞɥɹ ߙ˔˖– 0˚45’; 
 - ɞɥɹ 𝜑 – 0˚37’, 
Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɧɢɰɚ ɜ ɭɝɥɟ ߙ˔˖ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ 
ɬɨɥɶɤɨ ɪɚɡɧɢɰɟɣ  ɭɝɥɚ 𝜑, ɧɨ ɢ ɡɚɜɢɫɢɬ ɨɬ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɦɚɫɫ. 
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ȼ ɢɬɨɝɟ ɫɩɪɨɝɧɨɡɢɪɭɟɦ ɬɨɱɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚɦɢ ɧɨɜɨɝɨ 
ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɭɝɥɚ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ 
ɦɚɫɫ 𝜑, ɩɨ ɩɚɬɟɧɬɭ № 2693140 ɚ ɢɦɟɧɧɨ: 
- ɬɨɱɧɨɫɬɶ ɛɭɞɟɬ ɜɵɲɟ ɱɟɦ ɩɨ ɦɟɬɨɞɢɤɟ ɫɨɝɥɚɫɧɨ ɩɚɬɟɧɬɚ № 2573028, 
ɬɚɤ ɤɚɤ ɜɨ ɜɧɨɜɶ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɦɟɬɨɞɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ 
ɫɯɟɦɵ ɧɚɝɪɭɠɟɧɢɹ ɢ ɜɟɥɢɱɢɧɵ ɧɚɝɪɭɡɨɤ.     
  
4.2 Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɪɟɞɫɬɜ 
ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ȽɈɋɌ 31507-2012 
 
Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɫɧɚɫɬɤɢ ɫɬɟɧɞɚ 
ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ, ɩɨɞɪɚɡɭɦɟɜɚɹ, ɱɬɨ ɧɚ ɩɪɟɞɩɨɥɚɝɚɟɦɨɦ ɩɪɟɞɩɪɢɹɬɢɢ, ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɩɪɨɯɨɞɢɬɶ ɢɫɩɵɬɚɧɢɹ ɩɨ ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ, ɭɠɟ 
ɢɦɟɸɬɫɹ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɣ. 
ɋɨɝɥɚɫɧɨ ɛɭɯɝɚɥɬɟɪɫɤɢɦ ɞɨɤɭɦɟɧɬɚɦ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɦɢ 
ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɟɣ ɈɈɈ «ɍɧɢɤ-Ⱥɜɬɨ», ɫɬɨɢɦɨɫɬɶ ɫɬɟɧɞɚ ɋɈ-1 
ɫɤɥɚɞɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ, ɪɭɛ.: 
 ܲ = ܲ˒ ˎ˃˕ + ܲˆ ц + ܲ˔ .˓        (4.3) 
 
ɝɞɟ ܲ˒ ˎ˃˕ – ɫɬɨɢɦɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɪɭɛ.; ܲˆ ц– ɫɬɨɢɦɨɫɬɶ ɝɢɞɪɨɰɢɥɢɧɞɪɚ, ɪɭɛ.; 
ɫܲ.ɪ – ɫɬɨɢɦɨɫɬɶ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɪɚɫɯɨɞɨɜ, ɪɭɛ.; 
ɂɬɚɤ, ɩɨ ɮɨɪɦɭɥɟ (4.3) 
 
 ܲ = ͳͺͲͲͲͲ + Ͷͳͷͻͷ + ʹ͵ͻʹʹ = ʹͶͷͷͳ͹ ɪɭɛ. 
 
4.3 Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɪɟɞɫɬɜ 
ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ 
ɩɚɬɟɧɬɟ  
 
 Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɫ ߙ˔˖  ɭɱɟɬɨɦ ɤɪɟɧɚ ɤɭɡɨɜɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ:  
 - ɥɟɛɟɞɤɚ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɞɨ 2 ɬɨɧɧ; 
 - ɫɢɥɨɜɵɟ ɤɚɩɪɨɧɨɜɵɟ ɫɬɪɨɩɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬɭɤ; 
 - ɤɪɟɩɟɠɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ (ɚɧɤɟɪɧɵɣ ɛɨɥɬ); 
 - ɤɚɪɚɛɢɧɵ; 
 - ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ: ɥɢɧɟɣɤɚ, ɭɪɨɜɟɧɶ, ɜɟɫɵ ɩɥɚɬɮɨɪɦɟɧɧɵɟ 
ɚɜɬɨɦɨɛɢɥɶɧɵɟ.  
Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ, ɩɨɞɪɚɡɭɦɟɜɚɹ, 
ɱɬɨ ɜɵɲɟɭɩɨɦɹɧɭɬɵɟ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɣ ɭɠɟ ɢɦɟɸɬɫɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ, ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɩɪɨɜɨɞɢɬɶɫɹ ɢɫɩɵɬɚɧɢɹ ɩɨ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɟ. 
68 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɝɥɚɫɧɨ [38], ɫɬɨɢɦɨɫɬɶ ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɩɨ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɟ, 
ɫɨɫɬɚɜɥɹɟɬ: 
- Ʌɟɛɟɞɤɚ ɪɭɱɧɚɹ ɥɟɧɬɨɱɧɚɹ LRB 1360ɤɝ – 2 ɲɬ – 2950ɪ.; 
- ɫɬɪɨɩ ɋɌɉ 1.5ɬ ɯ 5ɦ (75 ɦɦ)– 2 ɲɬ. – 715ɪ; 
- ɚɧɤɟɪ ɤɥɢɧɨɜɨɣ 10* 65 – 5 ɲɬ. – 18ɪ.: 
 ɋɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɛɭɞɟɬ 
ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɪɭɛ: 
 ܲ = ∑ሺ ?ܲ? ∙ ݊ሻ,             (4.4) 
 
  ɝɞɟ ?ܲ? – ɫɬɨɢɦɨɫɬɶ i-ɣ ɟɞɢɧɢɰɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛɥɟɣ; 
 n – ɤɨɥɢɱɟɫɬɜɨi-ɯ ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
  
 Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (4.4): 
 ܲ = ʹͻͷͲ ∙ ʹ + ͹ͳͷ ∙ ʹ + ͳͺ ∙ Ͷ = ͹ ͶͲʹ ɪɭɛɥɹ. 
 
 ɋɬɨɢɦɨɫɬɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɱɚɫɬɟɣ (ɤɚɪɚɛɢɧɵ, ɡɚɠɢɦɵ ɢ ɬ.ɞ.) 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 10% ɨɬ ɨɛɳɟɣ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ɂɬɨɝɨ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɫɧɚɫɬɤɢ ɫɬɟɧɞɚ  ɫɨɫɬɚɜɢɬ, ɪɭɛ: 
 ܲˑ ˄˜ = ܲ + ܲ ∙ ͳͲ%        (4.5) 
 
Ɍɨ ɟɫɬɶ 
 ܲˑ ˄˜ = ͹ͶͲʹ + ͹ͶͲʹ ∙ ͳͲ% = ͺ ͳͶʹ,ʹ ˓˖˄ˎˈˌ. 
 
4.4 Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɪɟɞɫɬɜ 
ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɨɫɧɚɫɬɤɢ ɩɪɟɞɥɚɝɚɟɦɵɦ ɦɟɬɨɞɨɦ 
 
Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɫɧɚɫɬɤɢ ɫɬɟɧɞɚ 
ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ, ɩɨɞɪɚɡɭɦɟɜɚɹ, ɱɬɨ ɧɚ ɩɪɟɞɩɨɥɚɝɚɟɦɨɦ ɩɪɟɞɩɪɢɹɬɢɢ, ɧɚ 
ɬɟɪɪɢɬɨɪɢɢ ɤɨɬɨɪɨɝɨ ɛɭɞɭɬ ɩɪɨɯɨɞɢɬɶ ɢɫɩɵɬɚɧɢɹ ɩɨ ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ, ɭɠɟ 
ɢɦɟɟɬɫɹ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɩɨɞɴɟɦɧɢɤ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɟ ɜɟɫɵ. 
ɋɨɝɥɚɫɧɨ [38], ɫɬɨɢɦɨɫɬɶ ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɫɩɨɫɨɛɚ ɢ ɨɫɧɚɫɬɤɢ ɫɬɟɧɞɚ (ɭɩɪɨɳɟɧɧɨɟ 
ɩɪɢɦɢɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɛɟɡ ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ), ɫɨɫɬɚɜɥɹɟɬ: 
- ɩɨɞɤɚɬɧɚɹ ɬɟɥɟɠɤɚ – 2 ɲɬ – 5000 ɪɭɛ.; 
- ɤɨɥɟɫɚ ɨɩɨɪɧɵɟ (16 ɤɨɥɟɫ ɩɨ 250 ɤɝ ɧɚ ɤɚɠɞɨɟ) – 601 ɪɭɛ.; 
- ɛɥɨɤ ɦɨɧɬɚɠɧɵɣ ɨɩɨɪɧɵɣ– 10 ɲɬ. – 1818 ɪɭɛ.;  
- ɫɬɪɨɩ ɋɌɉ 1.5ɬ ɯ 5ɦ (75 ɦɦ)– 2 ɲɬ. – 715 ɪɭɛ.; 
- ɫɬɪɨɩ ɏȻ 10ɦɦ, 40 ɤɝɫ – 2 ɲɬ. ɯ 7 ɦ, ɢ 2 ɲɬ. ɯ 10ɦ – 48 ɪɭɛ.; 
- ɛɨɥɬ Ɇ10*1,0*40 – 8 ɲɬ. – 27ɪ.; 
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- ɚɧɤɟɪ ɤɥɢɧɨɜɨɣ 10* 65 – 24 ɲɬ. – 18 ɪɭɛ.: 
 ɋɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɥɹ ɨɫɧɚɫɬɤɢ ɫɬɟɧɞɚ ɛɭɞɟɬ 
ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ, ɪɭɛ.: 
 ܲ = ∑ሺ ?ܲ? ∙ ݊ሻ,             (4.6) 
 
  ɝɞɟ ?ܲ? – ɫɬɨɢɦɨɫɬɶ i-ɣ ɟɞɢɧɢɰɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛɥɟɣ; 
 n – ɤɨɥɢɱɟɫɬɜɨi-ɯ ɟɞɢɧɢɰ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
  
 Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (4.6): 
 ܲ = ͷͲͲͲ ∙ ʹ + ͸Ͳͳ ∙ ͳ͸ + ͳͺͳͺ ∙ ͳͲ + ͹ͳͷ ∙ ʹ + Ͷͺ ∙ ͵Ͷ + ʹ͹ ∙ ͺ + ͳͺ ∙ ∙ ʹͶ = ͶͳͷͲ͸ ɪɭɛɥɟɣ 
 
 ɋɬɨɢɦɨɫɬɶ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɱɚɫɬɟɣ (ɤɚɪɚɛɢɧɵ, ɡɚɠɢɦɵ ɢ ɬ.ɞ.) 
ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɨɣ 10% ɨɬ ɨɛɳɟɣ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ɂɬɨɝɨ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɫɧɚɫɬɤɢ ɫɬɟɧɞɚ  ɫɨɫɬɚɜɢɬ, ɪɭɛ.: 
 ܲˑ ˄˜ = ܲ + ܲ ∙ ͳͲ%            (4.7) 
 
Ɍɨ ɟɫɬɶ 
 ܲˑ ˄˜ = ͶͳͷͲ͸ + ͶͳͷͲ͸ ∙ ͳͲ% = Ͷͷ͸ͷ͸,͸ ˓˖˄ˎˈˌ. 
 
 
ȼɵɜɨɞɵ ɩɨ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ 
 
ɉɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ ɧɚ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɜɭɦɹ ɦɟɬɨɞɚɦɢ 
(ɝɨɫɬɢɪɨɜɚɧɧɵɣ ɢ ɦɟɬɨɞ, ɫɨɞɟɪɠɚɳɢɣɫɹ ɜ ɩɪɨɬɨɬɢɩɟ). Ɋɚɡɧɢɰɚ ɜ ɪɟɡɭɥɶɬɚɬɚɯ 
ɢɫɩɵɬɚɧɢɣ ɨɤɚɡɚɥɚɫɶ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɩɵɬɚɧɢɣ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɦɟɬɨɞɭ ɛɭɞɭɬ ɚɧɚɥɨɝɢɱɧɵɦɢ, ɬɚɤ ɤɚɤ ɷɬɨɬ 
ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɦɟɬɨɞɭ, ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɨɦɭ ȽɈɋɌ 31507-
2012. 
ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɬɨɢɦɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɩɨ ɤɚɠɞɨɣ ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ 
ɦɟɬɨɞɢɤ. ɗɬɚ ɨɰɟɧɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɞɨɪɨɝɨɫɬɨɹɳɢɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ, 
ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧɧɵɣ ȽɈɋɌ 31507-2012. ɇɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ 
ɦɟɬɨɞ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ ɩɚɬɟɧɬɟ № 2573028.  
ɉɪɨɦɟɠɭɬɨɱɧɨɟ ɦɟɫɬɨ ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɭɦɹ ɦɟɬɨɞɢɤɚɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɷɤɨɧɨɦɢɤɢ ɡɚɧɢɦɚɟɬ ɩɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ. ȿɝɨ ɫɬɨɢɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɧɟ ɬɚɤɨɣ 
ɜɵɫɨɤɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɨɫɬɢɪɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ, ɧɨ ɨɧ ɞɚɟɬ ɛɨɥɟɟ ɬɨɱɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɵɯ ɦɚɫɫ. 
  
70 
 
ɈȻЩɂȿ ȼɕȼɈȾɕ 
  
1. ɉɪɨɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɨ-ɩɚɬɟɧɬɧɵɣ ɨɛɡɨɪ ɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɦɟɬɨɞɨɜ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɞɥɹ ɨɰɟɧɤɢ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 
ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ (ȽɈɋɌ 31507-2012) ɜ Ɋɨɫɫɢɢ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧ 
ɢɦɟɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɣ ɦɟɬɨɞ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɣ ɩɪɢɦɟɧɟɧɢɣ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ 
ɩɥɚɬɮɨɪɦɵ.  
2. Ɋɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɩɚɬɟɧɬɧɨ-ɱɢɫɬɵɣ ɫɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɩɨɩɟɪɟɱɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɢɫɤɥɸɱɚɸɳɢɣ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɩɪɨɤɢɞɵɜɚɸɳɟɣ ɩɥɚɬɮɨɪɦɵ, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɩɨɥɭɱɟɧɧɵɦ ɉɚɬɟɧɬɨɦ RU № 2693140 ɨɬ 01.07.2019 ɝ.; 
3. Ɉɛɨɫɧɨɜɚɧɚ (ɞɨɤɚɡɚɧɚ) ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ 
ɦɟɬɨɞɭ ɩɨ ȽɈɋɌ 31507-2012, ɩɨɫɤɨɥɶɤɭ ɩɪɢɦɟɧɹɟɬɫɹ ɬɚɤɚɹ ɫɯɟɦɚ ɢɫɩɵɬɚɧɢɣ, 
ɩɪɢ ɤɨɬɨɪɨɣ ɜɟɥɢɱɢɧɵ ɧɚɝɪɭɡɨɤ ɧɚ ɩɨɞɜɟɫɤɭ ɢ ɤɨɥɟɫɚ ɢɞɟɧɬɢɱɧɵ 
ɝɨɫɬɢɪɨɜɚɧɧɨɦɭ ɦɟɬɨɞɭ. 
4. Ɋɚɡɪɚɛɨɬɚɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɨɫɧɚɫɬɤɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɨ ɩɚɪɚɦɟɬɪɚɦ 
ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. ɂɧɠɟɧɟɪɧɵɦɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦɢ 
ɪɚɫɱɟɬɚɦɢ ɨɛɨɫɧɨɜɚɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɣ ɨɫɧɚɫɬɤɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
5. ɉɪɨɜɟɞɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɨ  
ɦɟɬɨɞɭ ȽɈɋɌ 31507-2012 ɢ ɦɟɬɨɞɭ ɩɨ ɩɚɬɟɧɬɭ № 2573028. ɋɩɪɨɝɧɨɡɢɪɨɜɚɧɚ 
ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɤɪɟɧɚ ɩɨɞɪɟɫɫɨɪɟɧɧɨɣ ɦɚɫɫɵ Ɍɋ 
ɩɪɟɞɥɚɝɚɟɦɵɦ ɦɟɬɨɞɨɦ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ. 
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ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɪɟɲɟɧɚ ɡɚɞɚɱɚ ɩɨ ɪɚɡɪɚɛɨɬɤɟ 
ɧɨɜɨɝɨ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɫɩɨɫɨɛɚ ɢɫɩɵɬɚɧɢɣ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɧɚ 
ɫɬɚɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɩɚɬɟɧɬɧɨ-ɱɢɫɬɵɦ, ɧɨ ɢ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɫɩɨɫɨɛɭ, ɤɨɬɨɪɵɣ ɪɟɝɥɚɦɟɧɬɢɪɨɜɚɧ 
ȽɈɋɌ 31507-2012. 
ɉɪɢɦɟɧɟɧɢɟ  ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ  ɩɪɢ  ɨɰɟɧɤɟ ɫɨɨɬɜɟɬɫɬɜɢɹ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɫɥɭɱɚɟ ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɜ ɢɯ ɤɨɧɫɬɪɭɤɰɢɸ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɈɃ ɅɂɌȿɊȺɌɍɊɕ 
 
1 SAE  J2180 – A Tilt Table Procedure for Measuring the Static Rollover 
Threshold for Heavy Trucks – SAE International surface vehicle recommended 
practice, 2011. 
2ɉɪɚɜɢɥɚ ɈɈɇ № 111 – ȿɞɢɧɨɨɛɪɚɡɧɵɟ ɩɪɟɞɩɢɫɚɧɢɹ, ɤɚɫɚɸɳɢɟɫɹ 
ɨɮɢɰɢɚɥɶɧɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɚɜɬɨɰɢɫɬɟɪɧ ɤɚɬɟɝɨɪɢɣ N ɢ O ɜ ɨɬɧɨɲɟɧɢɢ ɢɯ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɨɩɪɨɤɢɞɵɜɚɧɢɸ, 2000. 
3 Ɍɟɯɧɢɱɟɫɤɢɣ Ɋɟɝɥɚɦɟɧɬ Ɍɚɦɨɠɟɧɧɨɝɨ ɋɨɸɡɚ ɌɊ Ɍɋ 018/2011 – Ɉ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɤɨɥɟɫɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, 2013. – 465 ɫ.    
4ȽɈɋɌ 31507-2012 Ⱥɜɬɨɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɢ 
ɭɫɬɨɣɱɢɜɨɫɬɶ, Ɍɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ Ɇɟɬɨɞɵ ɢɫɩɵɬɚɧɢɣ– Ɇ.: 
ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, 2013. – 53 ɫ. 
5 Ȼɨɹɪɤɢɧ, ɋ.ȼ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɫɬɚɬɢɱɟɫɤɨɣ ɩɨɩɟɪɟɱɧɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ȽɈɋɌ  31507-2012 / 
ɋ.ȼ. Ȼɨɹɪɤɢɧ, ɂ.Ɇ. Ȼɥɹɧɤɢɧɲɬɟɣɧ //ȺȼɌɈɆɈȻɂɅɖ ȾɅə ɋɂȻɂɊɂ ɂ 
ɄɊȺɃɇȿȽɈ ɋȿȼȿɊȺ. ɄɈɇɋɌɊɍɄɐɂə, ɗɄɋɉɅɍȺɌȺɐɂə, ɗɄɈɇɈɆɂɄȺ: 
ɦɚɬɟɪɢɚɥɵ 90-ɣ Ɇɟɠɞɭɧɚɪ. ɧɚɭɱ.-ɬɟɯ. ɤɨɧɮ. (ɂɪɤɭɬɫɤ, 9-10 ɚɩɪɟɥɹ, 2015 ɝ.) / 
ɩɨɞ ɨɛɳ. Ɋɟɞ. Ⱥ.ɂ. Ɏɟɞɨɬɨɜɚ. – ɂɪɤɭɬɫɤ: ɂɡɞ-ɜɨ ɂɊɇɂɌɍ, 2015. – 482 ɫ. 
6 ɉɚɬɟɧɬ 2573028 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ G01M 17/04, B66F 7/22. 
ɋɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ (ɜɚɪɢɚɧɬɵ) / Ȼɥɹɧɤɢɧɲɬɟɣɧ ɂ.Ɇ., 
Ȼɨɹɪɤɢɧ ɋ.ȼ., Ʉɨɜɚɥɟɜ ȼ. Ⱥ.; Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɢɛɢɪɫɤɢɣ Ɏɟɞɟɪɚɥɶɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ» ɋɎɍ – 2014133248/11, 12.08.2014; 
ɨɩɭɛɥ., 20.01.2016, Ȼɸɥ. № 2 – 11 ɫ. 
7 Ƚɪɢɲɤɟɜɢɱ Ⱥ.ɂ. Ⱥɜɬɨɦɨɛɢɥɢ. Ɍɟɨɪɢɹ ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ. - Ɇɧ. ȼɵɲ. 
ɲɤ.,1986 ɝ. -208 ɫ. 
8 ɉɚɬɟɧɬ 2693140 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ G01M 17/04, B66F 7/26. 
ɋɩɨɫɨɛ ɢɫɩɵɬɚɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ / Ȼɨɹɪɤɢɧ ɋ.ȼ., 
Ȼɥɹɧɤɢɧɲɬɟɣɧ ɂ.Ɇ., Ɏɟɞɨɬɨɜ. ɂ.Ⱥ.; Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ 
ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ «ɋɢɛɢɪɫɤɢɣ 
Ɏɟɞɟɪɚɥɶɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ» (ɎȽȺɈɍ ȼɈ ɋɎɍ) – 2018122015, 14.06.2018; 
ɨɩɭɛɥ., 01.07.2019, Ȼɸɥ. № 19 – 2 ɫ. 
9 ɗɥɟɤɬɪɨɧɧɵɣ ɤɚɬɚɥɨɝ ɤɪɚɫɧɨɹɪɫɤɨɝɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɡɚɜɨɞɚ 
[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : Ⱥɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤ Ⱥȼɋ-50. – Ɋɟɠɢɦ 
ɞɨɫɬɭɩɚ:https://ruskonveer.ru/products/avtomobilerazgruzchiki/avtomobilerazgruz
chik-avs-50.htm 
10 Ɉɮɢɰɢɚɥɶɧɵɣ ɫɚɣɬ «ɇȺɆɂ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : Ʌɚɛɨɪɚɬɨɪɢɹ 
ɭɩɪɚɜɥɹɟɦɨɫɬɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://autorc.ru/activities/otdelenie-
bezopasnosti-avtomobilej/laboratoriya-upravlyaemosti.html 
11 ɋɚɣɬ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɥɚɛɨɪɚɬɨɪɢɣ ɩɪɨɞɭɤɰɢɢ ɚɜɬɨɦɨɛɢɥɟɫɬɪɨɟɧɢɹ 
ɈɈɈ «ɂɫɩɵɬɚɬɟɥɶɧɵɣ ɐɟɧɬɪ» [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : Ⱦɟɹɬɟɥɶɧɨɫɬɶ 
ɥɚɛɨɪɚɬɨɪɢɢ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://21mt85.com/deyatelnost-
laboratorii/ispytaniya-ts/videogalereya/ 
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12 ɉɚɬ. 104885 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ B23K 37/04. Ʉɚɧɬɨɜɚɬɟɥɶ ɫ 
ɩɨɞɴɟɦɧɵɦɢ ɰɟɧɬɪɚɦɢ / Ɇɨɬɨɪɢɧ Ⱥ. ɇ., Ɇɚɥɸɫɟɣɤɨ ȼ. Ɇ., ȼɶɸɧɧɢɤ ɇ. ȼ.; 
ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɈɈɈ ɇɉɎ «Ɍɟɯɜɚɝɨɧɦɚɲ»; ɡɚɹɜɥ. 02.12.2010; 
ɨɩɭɛɥ. 27.05.2011, Ȼɸɥ. №15. – 9 ɫ. 
13 ɉɚɬ. 2307039 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ B60S 13/00, B60S 5/00. 
Ɉɩɪɨɤɢɞɵɜɚɬɟɥɶ / ɇɢɤɢɬɢɧ ɋ. ȼ.; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ȽɈɍȼɉɈ 
«ȺȽɌɍ»; ɡɚɹɜɥ. 08.12.2005; ɨɩɭɛɥ. 27.09.2007, Ȼɸɥ. №27. – 4 ɫ. 
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«ȺȽɌɍ»; ɡɚɹɜɥ. 08.12.2005; ɨɩɭɛɥ. 27.06.2007, Ȼɸɥ. №2. – 4 ɫ. 
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Ⱥɜɬɨɦɨɛɢɥɟɪɚɡɝɪɭɡɱɢɤ / ɋɟɦɚɤɢɧ Ɇ.ɋ.; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ 
ɋɟɦɚɤɢɧ Ɇ.ɋ.; ɡɚɹɜɥ. 03.08.1994; ɨɩɭɛɥ. 10.09.1996, Ȼɸɥ. №4. – 3 ɫ. 
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ɚɜɬɦɨɛɢɥɟɣ / ɋɥɚɧɢɧ Ɉ. Ʉ, Ⱦɟɤɬɹɪɟɜ ȼ. Ⱥ, ɑɟɩɭɪɢɧ ɘ. Ƚ.; ɡɚɹɜɢɬɟɥɶ ɢ 
ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɉɌȻ ɉɈ «Ʌɢɬɜɛɵɬɯɢɦ»; ɡɚɹɜɥ. 06.04.1987; ɨɩɭɛɥ. 
30.12.1989, Ȼɸɥ. №48. – 8 ɫ. 
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 
 
ȺɌɋ – ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ; 
ɦɢɧ – ɦɢɧɭɬɵ; 
ɬ – ɬɨɧɧɚ; 
ɤɝ – ɤɢɥɨɝɪɚɦɦ; 
ɦ – ɦɟɬɪ; 
ɦɦ – ɦɢɥɥɢɦɟɬɪ; 
ɇ – ɧɶɸɬɨɧ; 
ɤɝ –ɤɢɥɨɝɪɚɦɦ; 
ɇɂɂȺɌ – ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɚ. 
ɈɈɈ – ɨɛɳɟɫɬɜɨ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ. 
ɊɎ – Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
ɋɇȽ – ɋɨɞɪɭɠɟɫɬɜɨ ɇɟɡɚɜɢɫɢɦɵɯ Ƚɨɫɭɞɚɪɫɬɜ. 
 
 

